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Preface 


This handbook is a companion to the volume Infectious Diseases of Mice and 
Rats It summanzes the information in the longer text and is intended to serve as 
a guide for biomedical scientists and for vetennanans and others associated with an 
animal resources program to assist them m identifying infectious agents of mice and 
rats and determmmg the effect of these agents on their research. Like Infectious 
Diseases of Mice and Rats, the handbook is compnsed of three parts Part I, 
Principles of Rodent Disease Prevention, summanzes basic concepts and practices 
for detectmg and excluding infectious diseases from animal facilities, Part II, 
Disease Agents, provides pertinent information on the epizootiology, pathogenesis, 
diagnosis, and control of infectious agents and the effects of these agents on 
research, and Part III, Diagnostic Indexes, contains tabular information intended as 
an aid to diagnostic problem solving. 

The committee extends its thanks to the staff of the Institute of Laboratory 
Animal Resources, which worked with the comimttee to summarize the information 
in Infectious Diseases of Mice and Rats to produce this guide. 

J. Russell Lindsey, Chairman 

Committee on Infectious Diseases of Mice and Rats 
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PARTI 


Principles of Rodent Disease 
Prevention 


SCIENTIFIC OBJECTIVES 

Animal expenments are essential to progress m the biomedical sciences (NRC, 
1985) Like investigations in any field of science, the ment of animal expenments 
ultimately depends on ngid adherence to the pnnciples of scientific method Proper 
practice of these pnnciples yields data that are both reliable and reproducible, key 
objectives of all good expenments (Bernard, 1865). 

INFECTION VERSUS DISEASE 

A common misconception is that infection is synonymous with disease Bacte- 
nal opportunists and commensals, which are constitutents of the normal flora on 
mucosal and body surfaces, are ubiquitous infections that usually cause disease only 
when their hosts are immunosuppressed (Dubos et al, 1965, Savage, 1971) The 
viral and parasite pathogens of rodents vary considerably in pathogemcity Some 
cause severe disease, while others rarely do It is also important to distinguish 
between subclinical (mapparent, covert, or silent) and climcally apparent infec¬ 
tions Most natural mfections with pathogemc organisms m mice and rats are 
subclimcal, and infection-induced aberrations m research results often occur in the 
absence of clmical disease Thus, it is important to prevent infection, not merely to 
prevent clmical disease 
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TERMINOLOGY OF MICROBIAL AND PATHOGEN STATUS 

Terms used m definmg rodent microbial status vary greatly m precision of 
meanmg. Four terms (germfree, gnotobiotic, defined flora, and conventional), 
representing the extremes of microbial status, have clear definitions that are 
generally accepted and understood by scientists, as well as by technical personnel 
(NRC, 1991) However, there is major confusion about the definition and use of 
terms representmg the middle ground of pathogen status Pathogen free, specific 
pathogen free, virus antibody free, and clean conventional are relative terms that 
require explicit definition every time they are used The defimtion should include 
the background of the rodent subpopulation m question (e.g, cesarean denved, 
isolator mamtained, bamer mamtamed), details of current housmg (e g , isolator, 
bamer), and data from laboratory tests for pathogens (the specific tests done, the 
number of tests, the frequency of testing, and the results) (Lindsey et al, 1986). 

COMMITMENT TO MAINTAINING 
PATHOGEN-FREE STATUS OF RODENTS 

Past expenence demonstrates that mamtainmg rodents m the pathogen-free state 
requires adherence to breedmg, transportation, and mamtenance programs spe¬ 
cifically designed for the exclusion of pathogens This means a strong commit¬ 
ment by investigators, research staff, and animal care staff Some essential elements 
of that commitment are as follows.* 

a. The mvestigator and the support personnel must understand the terminology 
and prmciples mvolved 

b Appropnate facilities and equipment must be available 

c Housmg practices must ensure physical separation and avoidance of cross- 
contammation between different animal subpopulations throughout their lives 

d Rehable health momtormg should be mamtamed to identify breeding popu¬ 
lations free of pathogens and to redefine the nucrobiologic status of the animals at 
regular mtervals from the time they are received in the user facility until completion 
of each study 

e Wntten standard operatmg practices must be developed and followed without 
mtemiption, clear objectives must be defined m advance, along with detailed 
procedures for reaching those objectives. 


*Fromacons«isus developed dunngaseiiiinar entitled “BamerMaintenance ofRodents inMulUpurpose 
Facilities,” held at the Thirty-Sixth Annual Session of the Amencan Association for Laboratory Animal 
Science on November 3-8,19&5,mBaltiniore,Md. Partiapants were J R Lmdsey Qeader). G L Van 
Hoosier, Jr, D B Casebolr, J G Fox, R O Jacoby, and T E Hamm, Jr 
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HEALTH SURVEILLANCE PROGRAMS 

Health surveillance (or monitonng) is the term usually applied to the testmg of 
laboratory animals to determine their pathogen status and general state of health 
Health surveillance programs are systematic laboratory investigations that employ 
battenes of diagnostic tests for the purpose of defining the pathogen and health 
status of an animal population These programs are crucially important in rodent 
disease prevention because they provide data, which are the only reliable basis for 
determining rodent pathogen status or providing health quality assurance. 

Although the need for health surveillance programs is generally accepted, there 
is a great diversity of opimon about the design of individual programs (Hsu et al, 
1980, Iwai et al, 1980, Thigpen and Tortonch, 1980, Jacoby and Barthold, 1981, 
Hamm, 1983, Loew and Fox, 1983, Small, 1984) No two programs are identical 
Some are limited m scope; others are very comprehensive. Numerous factors 
should be considered in desigmng mdividual programs, and special emphasis 
should be placed on objectivity in testing rather than on the adoption of customary 
practices Some of those factors are listed in the following sections. 

Scientific Objectives 

Health surveillance efforts should, to the fullest extent possible, be matched 
qualitatively and quantitatively with the specific scientific objectives of mdividual 
research programs to ensure that the quality of the animal will meet these objectives. 
For practical reasons, it is impossible to test for all known mfectious agents of 
rodents, or even all infectious agents that theoretically could mterfere with a 
particular study. In designing health surveillance programs, decisions must be 
made about which agents should be covered m the test battery. Inclusion of a 
pathogen m the test battery should be based on the likelihood that it will mterfere 
with the research being conducted Such information is given in Part 11 of this 
volume 

Test Procedures 

The procedures used in health surveillance generally include serologic tests, 
bactenal cultures, parasitologic exammations, and histopathology. Each category 
can mclude a few or many procedures to detect different infectious agents or disease 
processes Some health surveillance programs are lirmted to only one of these types 
of procedures, e g , serologic testmg. 

Serologic tests are the mam procedures used for detecting virus infections in 
rodents, but they also have been found useful for some bactenal and protozoan 
infections The enzyme-linked immunosorbent assay (ELISA) and the mdirect 
immunofluorescent antibody (IFA) test have largely replaced the complement 
fixation (CF) test and the hemagglutination inhibition (HAI) test. They are much 
more sensitive than either the CF or HAI test and give fewer false positives than the 
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HAI test. Serologic testing should rely on a pnmary test for each agent and one or 
more additional tests to confirm the positive results of any pnmary test (Kraft and 
Meyer, 1986, Smith, 1986b, Van Der Logt. 1986). 

One of the most useful applications of serologic testing in rodent health 
surveillance is the mouse antibody production (MAP) test (Rowe etal, 1959,1962) 
Although ongmally developed as a method for broadly screening mouse tissues for 
vunses, it can be used to test transplantable tumors, hybndomas, cell lines, and other 
biologic matenals for contammation by infectious agents An equivalent test, the 
rat antibody production (RAP) test, is useful for screening biologic matenals taken 
from rats Both these tests are generally considered more sensitive than virus 
isolation (de Souza and Smith, 1989) 

The isolation of bactena using cultural methods and the demonstration and 
identification of parasites usmg a microscope are the standard procedures for 
detection of these agents However, these methods also have limitations, depending 
on the agent In general, causative agents are more difficult to isolate or demonstrate 
m subchmcal infections than in clinically apparent infections. Some bacterial 
infections of mice and rats, e g, Corynebacterium kutschen or Mycoplasma 
arthntidis, commonly occur as subchmcal infections in which cultural isolation is 
extremely difficult With each of the bactena and parasites it is imperative that 
specimens be collected from the most appropnate site(s) and processed expedi¬ 
tiously using methods known to maximize the chances of successful recovery or 
demonstration of the agent Failure to collect specimens from the site that is most 
appropnate for that imcrobe can result m false-negative tests 

Gross and imcroscopic evaluations of tissues for lesions are also invaluable in 
health surveillance In more comprehensive health surveillance programs, histo¬ 
pathologic exammation of all major organs by a qualified pathologist is standard 
practice Lesions caused by viral pathogens can occur before seroconversion Some 
histopathologic changes are diagnostic, others provide only clues to disease 
processes 

Diagnostic methodology is in transition Refinements continue to be made in 
existing methods, and newer methods employing molecular biologic techniques, 
e g, nucleic acid hybndization and specific gene product detection, are being 
developed at a rapid pace (Sklar, 1985, Edberg, 1986; Smith, 1986a,c, Delellis and 
Wolfe, 1987, Howamtz, 1988) 


Sampling Strategies 

The purpose of health surveillance is to detect at least one animal with each of 
the infections or diseases present in the population The purpose is not to determine 
prevalence of infection or disease 

The number of animals (sample size) to be tested is of cntical importance and can 
be determined mathematically by makmg important assumptions about the rates of 
infection and the randomness m samplmg (ILAR, 1976, Hsu et al, 1980, Small, 
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TABLE 1 Confidence Limits for Detectmg Infection Using Different Sample Sizes 
and Assumed Rates of Infection^ 

Sample Assumed Infection Rate (%) 


Size {NY 

1 

2 

3 

4 

5 

10 

15 

20 

25 

30 

40 

50 

5 

0 05 

0 10 

0 14 

0 18 

0 23 

041 

0 56 

0 67 

0 76 

0 83 

0 92 

0 97 

10 

0 10 

0 18 

0 26 

0 34 

0 40 

0 65 

0 80 

0 89 

0 94 

0 97 

0 99 


15 

0 14 

0 26 

0 37 

0 46 

0 54 

0 79 

091 

0 95 

0 99 




20 

0 18 

0 33 

0 46 

0 56 

0 64 

0 88 

0 95 

0 99 





25 

0 22 

0 40 

0 53 

064 

0 72 

0 93 

0 98 






30 

0 25 

0 45 

0 60 

071 

0 79 

0 96 

0 99 






35 

0 30 

051 

0 66 

0 76 

0 83 

0 97 







40 

0 33 

0 55 

0 70 

0 80 

0 87 

0 99 







45 

0 36 

0 69 

0 75 

0 84 

0 90 

0 99 







50 

0 39 

0 64 

0 78 

0 87 

0 92 

0 99 







60 

0 45 

0 70 

0 84 

091 

0 95 








70 

051 

0 76 

0 88 

0 94 

0 97 








80 

0 55 

0 80 

091 

0 96 

0 98 








90 

0 60 

0 84 

0 94 

0 97 

0 99 








100 

0 63 

0 87 

0 95 

0 98 

0 99 








120 

0 70 

091 

0 97 

0 99 









140 

0 76 

0 94 

0 99 










160 

0 80 

0 96 

0 99 











180 0 84 0 97 

200 0 87 0 98 

^From ILAR (1976a), Hsu et al (1980), and Small (1984) 
_ log(l - probability of detectmg infection) 
log(l - assumed infection rate) 


1984, DiGiacomo and Koepsell, 1986) As shown m Table 1, if one assumes that 
40% of the ammals in a population are infected with an agent, there is a 99% 
probability that 1 infected animal will be detected m a randomly selected sample of 
10 ammals At a 50% infection rate, a sample size of only 5 is required for a 97% 
probability of detecting infection in at least 1 animal. 

Although the sample size required to detect a single agent can be determmed with 
reasonable precision, it is virtually impossible to maintain the same degree of 
precision for all agents to be mcluded m a large test battery Different agents 
typically have very different mfecaon rates within rodent colonies. For example, 
typical rates for established infections m mouse colonies are greater than 90% for 
Sendai virus, approximately 25% for pneumonia virus of mice, and less than 5% for 
Salmonella ententidis In determining the number of ammals to be used in a health 
surveillance test battery for these three agents, the lowest assumed infection rate 
should be used (i e, 5%), and a 95% confidence hmit would require a sample size 
of at least 60 ammals This is entirely appropnate m mstances where subclimcal S 
ententidis infection is suspected However, for routme health surveillance, sample 
sizes are usually based on assumed infection rates of40-50% m order to keep sample 
sizes reasonable 
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Proper sampling also requires that animals be taken from different cages, 
shelves, and racks so that the sample is representative of the entire population. 
Animals of both sexes and of two age groups should be sampled For serologic 
testmg, sampling of young adults (approximately 90 days old) and retired breeders 
is recommended. Young adults are best for detecting recent viral infections 
(without mterference from passive antibody), and retired breeders give an mdica- 
tion of the colony’s infection history (Jacoby and Barthold, 1981) 

Test Frequency 

One of the most difficult decisions to be made in desigmng health surveillance 
programs is how frequently a given rodent population should be tested There are 
no established guidehnes, but the problem seems to revolve around four central 
issues the specific purpose of the population m question, the potential or real 
importance of a pathogen or other contammation to use of the population, the level 
of nsk of pathogen contammation from other nearby rodent populations, and 
economic considerations. After evaluatmg these issues, one should have a basis for 
decidmg whether testmg should be monthly, quarterly, biannually, or annually. 
However, the frequency of testing may be different for different agents For 
example, if the greatest risks are deemed to be from mouse hepatitis virus and Sendai 
virus, tests for these agents could be performed monthly, and a larger battery could 
be done biannually 


Sentinel Animals 

Sentinel rodents are sometimes mtroduced mto a rodent population, housed m 
open cages placed systematically throughout the colony, and used penodically for 
testmg Pathogen transnussion from the pnncipal population to the sentinels can be 
mcreased by transfemng the sentinels mto duty cages from the pnncipal population 
at each cage ch^ge Sentinel animals preferably should be of the same population 
as the pnncipal population and should be subjected to any expenmental treatments 
given to the pnncipal population. The mtroduction of a second population as 
sentinels, even if it is tested and found to be free of pathogens, poses an unnecessary 
nsk for contammating the pnncipal population 

RODENT DIAGNOSTIC LABORATORIES 

Rodent diagnostic laboratones are mdispensable to the production and mamte- 
nance of mice and rats for high-quahty research Such laboratones specialize m 
health surveillance testmg, investigations of clmical diseases, and other quahty 
control methods specifically designed for laboratory rodents. Dependmg on the 
breadth of their activities, these laboratones most often mclude competence m 
serology, bactenology, parasitology, and pathology Virology and hematology 
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expertise may also be required m some mstances Many larger research institutions 
have well-equipped and well-staffed mstitutional diagnostic laboratones. Testing 
services also can be obtained through commercial laboratones. 

Traditionally, rodent diagnostic laboratones have tended to give highest pnonty 
to the mvestigation of clmical illnesses and necropsy evaluations of dead animals 
That approach is no longer acceptable. While those services certainly are necessary, 
the needs of modem research and the principles of scientific method demand that 
diagnostic laboratones give greater pnonty to disease prevention. Most of the 
pathogen infections and pathogen-induced diseases of laboratory rodents are 
preventable. 
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PART II 


Disease Agents 


BACTERIA, FUNGI, AND VIRUSES 


Adenoviruses 

Agent. DNA virus Two strains, MAd-1 and MAd-2 (formerly called FL and 
K87, respectively), are recognized 
Animals Affected. Mice and rats. 

Epizootiology. Prevalence is probably low MAd-1 is shed in unne, and MAd- 
2 IS shed in feces Transmission is by the oral route 

Clinical. Natural infection does not cause clinical disease 
Pathology. There are no pathologic lesions associated with natural infections of 
MAd-1 Viral inclusions in intestinal mucosa are associated with MAd-2 mfec- 
tions 

Diagnosis. The preferred diagnostic procedures are the ELISA and the IFA test, 
which test sera for antigens of both MAd-1 and MAd-2. Presumptive diagnosis of 
MAd-2 can be made by demonstration of charactenstic intranuclear mclusions m 
histologic sections of intestmal epithelium A fluorescent antibody method has 
been used for detectmg MAd-2 antigen in the intestine Definitive diagnosis 
requires virus isolation m tissue culture 

Control. Cesarean denvation and bamer maintenance may be necessary for 
elunmating either virus strain. 

Interference with Research. MAd-1 can produce extensive persistent lesions 
m the kidneys of adult mice and render them more susceptible to experimental 
Escherichia co/i-mduced pyelonephntis MAd (stram not given) has been reported 
to accelerate expenmental scrapie m mice 
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Bacillus piliformis 

Agent. Unclassified gram-negative bactenum, having vegetative and spore 
forms. 

Animals Affected. Mice, rats, gerbils, hamsters, gumeapigs, rabbits, cats, dogs, 
nonhuman primates, horses, and others 

Epizootiology. Prevalence m the United States is unknown Natural mfection 
IS thought to be caused by mgestion of spore-contaminated food or bedding 

Clinical. Subclimcal infection is probably more common than clmical disease 
(commonly called Tyzzer’s disease) Contnbutors to clmical disease include poor 
samtation, overcrowding, transportation stress, food depnvation, dietary modifi¬ 
cations, and altered host unmune status Clmical disease occurs most frequently in 
sucklings and weanlmgs, but animals of any age can be affected Morbidity and 
mortality vary from low to high Unexpected deaths, watery diarrhea, pasting of 
feces around the perineum, ruffled fur, and mactivity are the most common signs. 
Homozygous female and hemizygous male CBAJN-xid and C3 CB A/N-Jcz<i mice, 
which are deficient m a specific subpopulation of B cells, are highly susceptible, 
whereas T-cell-deficient athymic (nuinu) mice are as resistant as immunocompe¬ 
tent mice. 

Pathology. Primary infection occurs in the ileum and cecum, followed by 
ascension of the orgamsms by the portal vem to the bver and bacteremic spread to 
other tissues, most notably the myocardium. The orgamsm preferentially rephcates 
m the mtestinal epithelium, smooth muscle, hepatocytes, and myocardium, but the 
degree of rephcation (and lesions) vanes considerably between ammals and 
between species Intestmal lesions are usually more severe m rats than m mice 
Myocardial lesions occur mconsistently Gross lesions range from none to severe 
mvolvement of the mtestme, hver, and/or heart In nuce, the most consistent findmg 
IS multiple pale to yellow foci m the hver. Infrequently, the ileum and cecum appear 



DISEASE AGENTS 11 


thickened, edematous, and hyperemic, and the myocardium contams circumscnbed 
pale gray areas Lesions in rats are sinular, except that the ileum often appears 
dilated, atonic, and edematous (megaloileitis) The mesentenc lymph nodes are 
usually enlarged In the ileum, in the cecum, and sometimes in the proximal colon, 
there is mild to severe loss of the mucosal epithelium, with blunting of villi in the 
ileum, thinnmg of the surface epithelium, and severe ulceration and hemorrhage In 
more advanced stages, there is hyperplasia of ciypt epithelium Transmural acute 
to subacute inflammation can occur in areas of severe epithelial loss In the hver 
there are multiple foci of coagulative necrosis that are rapidly converted to 
microabscesses If the myocardium is affected, there is focal to diffuse myocardial 
necrosis with acute to subacute inflammation. In affected tissues, the characteristic 
large, filamentous bacilli are best demonstrated histologically m the cytoplasm of 
viable cells along the margm of necrotic tissues by the use of silver strams (Warthin- 
Starry or methenamine silver) 

Diagnosis. Diagnosis of climcal disease is based on finding typical gross and 
microscopic lesions and charactenstic orgamsms m silver-stained histologic sec¬ 
tions Both the IFA and the CF tests have been used for the diagnosis of subclmical 
infections, but neither test is available commercially m the Umted States Alter¬ 
natively, weanling ammals can be immunosuppressed by the administration of 100- 
200 mg/kg cortisone acetate Subclmical infection, if present, will become active 
disease, and charactenstic lesions and orgamsms can be demonstrated histologically 
7 days after cortisone administration The presence of B piliformis in tissues can 
be demonstrated by the fmdmg of charactenstic lesions and orgamsms histologi¬ 
cally 5-7 days followmg moculation of the tissue mto gerbils or into homozygous 
xid female or hemizygous xid male mice 

Control. Cesarean-denvation and bamer-mamtenance procedures, reduction 
of stress, and good sanitation procedures appear to minmuze the occurrence of 
clmical disease Good samtation practices, avoidance of crowdmg, autoclavmg of 
food and bedding, and the use of 0.3% sodium hypochlonte for disinfecting room 
surfaces are recommended for reducmg spore contamination m conventional 
animal facilities Oral adrmnistration of tetracyclme can be helpful m controllmg 
losses during outbreaks. 

Interference with Research. Tyzzer’s disease can cause high mortality m 
breedmg colomes of mice and m nuce used m long-term carcmogenesis studies. 
Admimstration of cortisone or adrenocorticotropic hormone, whole-body x-irra- 
diation, transplantation of ascites tumors, and a high-protem diet can mduce climcal 
disease. Tyzzer’s disease alters the pharmacokmetics of warfarm and trimethoprim 
and the activity of hepatic transammases. 
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Cilia-Associated Respiratory Bacillus 
Agent. Gram-negative bactenum 

Animals Affected. Laboratory rats and mice, wild rats [Rattus norvegicus), 
African white-tailed rats (Mystromys albicaudatus), and rabbits 
Epizootiology. Unknown 

Clinical. Clmical manifestations m rats are similar to those of severe munne 
respiratory mycoplasmosis (MRM) and can mclude hunched posture, ruffled coat, 
mactivity, head ult, and accumulation of prophynn pigment around the eyes and 
external nares No descnption of climcal disease m mice has been published 
Pathology. In those mstances m which ciha-associated respuatory (CAR) 
bacillus has been found m rats with natural disease, Mycoplasma pulmonis also was 
present It is possible that M pulmonis was the primary pathogen and the CAR 
bacillus mcreased disease seventy It is not known whether the CAR bacillus alone 
can cause natund climcal disease. 

The predommant lesions m rats are those of advanced MRM due to M pulmonis 
with some additional distinctive features. Severe bronchiectasis andbronchiolectasis, 
pulmonary abscesses, and atelectasis are associated with the accumulation of 
purulent or mucopurulent exudate m airways An abundance of mucus often is 
present m penbronchiolar alveoli Multifocal necrosis and acute inflammation of 
bronchiolar and bronchial epitheha often progress to severe granulomatous m- 
flammation m airway walls and abscess formation m airway lumens Disordered 
repair may result in distorted, scarred bronchioles and bronchiohtis obliterans The 
ciliated border of the respiratory epithelium in affected airways often appears quite 
dense m hematoxylin- and eosm-stained sections because of the large numbers of 
CAR bacilli present between the cUia. The CAR bacillus can also be found on 
epithelial surfaces associated with MRM lesions m nasal passages, larynx, trachea, 
and middle ears CAR bacillus-associated respiratory lesions similar to those seen 
m rats have been renorted m C57BL/6J-ob/ob rmce. 
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Diagnosis. Recognition of the argyrophilic CAR bacillus in Warthin-Starry 
silver-stained histologic sections of affected lungs has been the main diagnostic 
method used The organism also can be demonstrated by transmission electron 
microscopy. The ELISA and the IFA test for this infection are m use in some 
laboratones but have not been fully evaluated 

Control. The infection probably can be eliminated by cesarean denvation, but 
definitive data are not available 

Interference with Research. Uncertain. The organism nught be an important 
contnbutor to the morbidity and mortality caused by MRM in rats. 
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Citrohacter freundii Biotype 4280 

Agent. Gram-negative bactenum Usually considered an opportunistic patho¬ 
gen. 

Animals Affected. Mice 

Epizootiology. Transnrussion is presumed to be by the fecal-oral route The 
organism is rarely found m cesarean-denved, bamer-maintamed mice. 

Clinical. Signs of disease are nonspecific and mclude ruffled fur, listlessness, 
weight loss, stunting, pasty feces around the anus and penneum, and rectal prolapse 
Sucklmg mice are more susceptible to disease than are adults. Mortality can reach 
60%, and the occurrence ofrectal prolapse can reach 15%. Mortality is significantly 
higher in C3H/HeJ than m DBA^, C57BL/6J, or N.NIHS (Swiss) mice 

Pathology. Infection in mice lasts only about 4 weeks Even if the infection is 
elumnated as early as 2 days postinfection by administration of neomycm sulfate 
or tetracyclme hydrochlonde, mucosal hyperplasia still occurs Presence of the 
infection in the mtestme for 10 davs results in maximum hvrM^minciQ 
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mg colon IS most commonly affected, but the entire colon and cecum can be 
mvolved Grossly, affected bowel is thickened and ngid m appearance Micro¬ 
scopically, crypt height is mcreased threefold, mitotic activity is increased, goblet 
cells are decreased, and basophilia of the epithehum is mcreased Crypt abscesses 
are common, and mucosal erosions and ulcers can occur The occurrence of 
necrotizmg and inflammatory lesions tends to parallel mortality Variable numbers 
of neutrophils or mononuclear leukocytes can be present m the lamina propna, but 
there is often a paucity of inflammatory cells. Goblet-cell hyperplasia with muci¬ 
nous distension of crypts and streaming of mucm into the gut lumen can occur 
durmg regression of mucosal hyperplasia. 

Diagnosis. Diagnosis is by demonstration of characteristic lesions in the large 
intestine and isolation of organisms of the pathogemc biotype 

Control Defimtive data are lacking Control probably requires depopulation 
and restockmg with cesarean-denved mice. Neomycm or tetracycline administered 
m dnnking water reduces losses dunng outbreaks but probably does not completely 
elimmate infection 

Interference with Research. The cytokmetics of the mucosal epithelium in the 
large mtestme is profoundly altered in infected mice Susceptibility to the carcinogen 
1,2-dimethylhydrazme is increased, and the latent penod for neoplasia mduction is 
reduced 
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Corynebacterium kutscheri 

Agent. Gram-positive bactenum 
Animals Affected. Mice, rats, and rarely gumea pigs 
Epizootiology. Persistent subchmcal infections are thought to be common m 
conventionally reared stocks and rare m bamer-maintamed stocks. The mam sites 
of infection are probably the oropharynx, submaxiUary lymph nodes, and large 
mtestme, with transmission mainly by the fecal-oral route. 

Clinical Signs. Infection is usually mapparent Disease occurs only after the 
immune system is compromised by experimental procedures, dietary deficiency, or 
concurrent infections with other agents Signs of chmcal disease m rats are usually 
those of a respiratory mfection: dyspnea, rales, weight loss, humped posture, and 



DISEASE AGENTS 15 


anorexia. Signs in mice are usually those of severe septicemia dead and moribund 
animals Arthntis or abscesses can occur in either species 

Pathology. Septicemia results in septic emboli in many organs In mice, large 
bactenal emboli lodge in capillary beds, particularly in the kidney and liver Em¬ 
bolic glomerulitis is charactenstic Abscess formation can occur at the focus of 
infection In rats, bactenal emboli lodge in the capillanes of the lungs Alveoli 
become packed with polymorphonuclear leukocytes and can form large necro- 
purulent centers Fibnnous or fibrous pleuntis often develops Occasionally, 
abscesses occur in the liver, kidneys, subcutis, pentoneal cavity, and other sites. 

Diagnosis. Detection of persistent subclmical infections is very difficult 
Available methods are unsatisfactory for detecting persistent subclmical infections, 
although an ELISA has been developed that shows promise for detecting anti¬ 
bodies There is also a new DNA probe method, but its usefulness has not been 
determined Cortisone acetate can be given to provoke active disease, which is then 
diagnosed by culture of the organism, demonstration of charactenstic lesions, 
and exclusion of other infectious agents and disease processes. 

Control. Cesarean denvation and bamer maintenance are effective means of 
control 

Interference with Research. Infection with C kutscheii can complicate ex- 
penments mvolving immunologically compromised nuce or rats 
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Cytomegalovirus, Mouse 

Agent. Double-stranded DNA virus, family Heipesvindae 
Animals Affected. Wild mice and laboratory mice that have contracted the 
infection from wild mice 

Epizoodology. Prevalence in laboratory mice is uncertam but is probably very 
low Transmission occurs throueh the saliva and infertinn nersi^ts fhrniiahnnt lif<» 
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Vertical transmission also can occur but has not been fully explained Direct 
passage of the vims across the placenta to the fetus and/or transmission via germ 
cells have been suggested 

Clinical Signs. Natural infections are subclmical 

Pathology. In natural infections, large acidophilic mtranuclear mclusions are 
found in salivary gland acmar and duct cells Affected cells typically are enlarged 
three to four times normal The submaxiUary glands are affected most, the 
sublmgual glands less, and the parotid glands least 

Diagnosis. The IFA and CF tests have been shown to be sensitive for acute 
experimental infections, and the ELISA has been shown to be sensitive for 
persistent experimental infections These methods may prove useful for momtormg 
laboratory mice for cytomegalovims mfection m selected situations Vims isola¬ 
tion can be accomplished usmg mouse embryo fibroblasts or other tissue culture 
systems 

Control Wild mice must be excluded from rodent facilities 
Interference with Research. Natural infections have not been reported to 
interfere with research 
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Ectromelia Virus 

Agent. DNA vims, family Poxvindae. 

Animals Affected. Mice 

Epizootiology. Ectromelia vims is possibly enzootic m some mouse colomes 
Periodic epizootics have occurred m the Umted States smce 1950, most commonly 
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in research laboratones that exchange live nuce and their tissues, sera, or transplant¬ 
able tumors Natural transmission is dependent on direct contact and fomites Skin 
abrasions are thought to be the main route of virus entry Infected animals begin 
shedding virus about 10 days postinfection when charactenstic skm lesions appear 
Persistent infection (earner state) was previously thought to be important m the 
epizootiology of mousepox More recent data suggest that sigmficant numbers of 
virus particles are shed from skin lesions for only about 3 weeks. 

Clinical. The seventy of clinical disease (mousepox) vanes greatly and depends 
on mouse strain, virus stram, length of time infection has been present m the colony, 
and husbandry practices Inapparent mfecuons occur mamly m resistant inbred 
mouse strains such as C57BL/6 or C57BL/10 Resistance in the these strams 
appears to be due to a smgle autosomal dominant trait. The more susceptible mouse 
strams include A, CBA, C3H, DBA/2, and BALB/c Clinical mamfestations 
mclude one or more of the followmg ruffled hair, hunched posture, facial edema, 
conjunctivitis, swelling of the feet; cutaneous papules, erosions, or encrustations, 
mainly on the face, ears, feet, or tail, and necrotic amputation (ectromelia) of bmbs 
or tails Mortality vanes from less than 1% to greater than 80%. 

Pathology. The incubation penod is 7-10 days Virus replicates m the skin and 
then in the regional lymph nodes, resulting in a mild primary viremia Virus is taken 
up by splemc and hepatic macrophages, where there is extensive multiplication that 
results in a massive secondary viremia and sometimes in death due to diffuse 
splenic and hepatic necrosis. Vims from the secondary viremia localizes in a wide 
vanety of tissues, especially the skin (basal cells), conjunctiva, and lymphoid 
tissues A pnmary lesion may appear at the site of skm inoculation about 4-7 days 
postmfection Foot swelling and secondary generalized rash (pocks) may appear 
7-10 days postmfection Skin lesions heal within 2 weeks, leavmg scars In acute 
mousepox, there is severe necrosis of liver, spleen, lymph nodes, Peyer’s patches, 
and thymus Jejunal hemorrhage often results from mucosal erosions Character¬ 
istic large eosinophilic cytoplasmic inclusions may be present m skm lesions 

Diagnosis. The ELISA is sensitive and specific m unvacemated mice, however, 
it may give false-positive results in NZW and NZB nuce The HAI is relatively 
insensitive but does not give positive reactions to sera from imee vaccinated with 
the IHD-T stram of vaccima vims Diagnosis of acute disease is based on sero¬ 
logic testing of survivors or on the demonstration, using transmission electron 
microscopy, of charactenstic large vims particles m affected tissues. Differential 
diagnosis of skin lesions should exclude bite wounds and loss of limbs due to 
Streptobacillus moniliformis. Biologic matenals such as cells and blood can be 
screened for ectromelia vims by injecting the tissue mto known pathogen-free mice 
followed by serologic testmg 

Control. Quarantme and testing of mcommg mice and mouse tissues from 
sources other than commercial bamer facilities are the best way to prevent the 
mtroduction of infection In the past, the accepted practice for eradicatmg ectromelia 
vims was ehmmation of infected mouse colomes and all infected biologic matenals, 
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along with ngorous decontamination of rooms and equipment Cesarean denvation 
of infected mouse stocks was not acceptable because mtrauterme infection is known 
to occur m mice infected during pregnancy More recently it has been suggested that 
quarantme and cessation of breedmg might successfully eliminate the virus 
Vaccmation with a live-virus vaccme, the IHD-T strain of vaccima virus adapted to 
growth m embryonated eggs, can be useful m elimmatmg disease from small closed 
colomes where all offspnng can be vaccmated by 6 weeks of age Vaccmation can 
protect mice from fatal disease but does not prevent infection or virus transmission 
Interference with Research. Up to 100% of the animals in an expenment can 
die m an explosive outbreak Manipulations that exacerbate ectromelia virus 
infections or promote epizootics include experimental infection with tubercle 
bacilli, x-irradiation, administration of vanous toxic cheimcals, shipping, tissue 
transplantation, castration, and tumors. Ectromeha vmis infection can alter phagocytic 
response Conversely, procedures that decrease phagocytosis can increase sus- 
ceptibihty to ectromeha virus, e g., large doses of endotoxm or splenectomy 
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EncephalUozoon cuniculi 

Agent. A protozoan, order Microspondia 

Animals Affected. Mice, rats, rabbits, hamsters, gumeapigs, humans, and many 
other mammals 

Epizootiology. Prevalence m mouse and rat stocks is not known but is thought 
to be very low m comparison with that m rabbits, in which the orgamsm is 
considered ubiquitous Rabbits undoubtedly provide the major source of mfection 
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for mice and rats m research facilities Spores of E cuniculi are shed in the unne 
and ingested by another host 

Clinical. Natural infections usually are mapparent 

Pathology. In cases of clinical disease, the classic lesion in rats and rabbits is 
meningoencephalitis with multifocal granulomatous inflammation. Activated 
macrophages form glial nodules in response to the organism. These nodules have 
necrotic centers or appear as solid sheets of cells Varying numbers of lymphocytes 
and plasma cells are seen in the memnges and around vessels The brain lesions m 
mice are similar, except for the lack of the granulomatous foci The orgamsm occurs 
mtracellularly in the renal tubular epithelium with or without the presence of an 
inflammatory response In chrome infections, focal destmction of tubules and 
replacement by fibrous connective tissue results in small pits on the cortical surface 
Lesions in organs other than the kidney and brain are less consistent Intrapentoneal 
inoculation of E cuniculi, as when contammated transplantable tumors are pas¬ 
saged, results in ascites in mice. 

Diagnosis. Several serologic tests have been developed for diagnosis of the 
infection in rabbits, however, only the BFA and immunoperoxidase tests have been 
used m surveying mouse and rat colonies. Other methods used for diagnosis mclude 
detection of parasites in urme, demonstration of typical lesions and organisms in 
tissue sections, and an mtradermal skin test. 

Control. Mice and rats should not be exposed to infected rabbits Serologic 
testing of adult animals with selection of E cuniculi-fret breeding stocks has been 
used successfully for eradicating the infection in rabbits 

Interference with Research. The histologic changes caused by E cuniculi 
infection in the bram and kidneys can complicate the interpretation of lesions in 
studies requinng histopathology E cuniculi can contaminate transplantable tu¬ 
mors and alter host responses dunng tumor passage m mice Mice expenmentally 
infected with E cuniculi have reduced humoral antibody titers to sheep erythro¬ 
cytes, reduced proliferative spleen cell responses to mitogens, and altered natural 
killer cell activity 

Suggested Reading 

Beckwith, C, N Peterson, J J Liu and J A Shadduck 1988 Dot enzyme-lmked 
immunosorbent assay (dot ELISA) for antibodies to Encephalitozoon cuniculi Lab Anim 
Sci 38:573-576 

Didier, E S , and J A Shadduck 1988 Modulated immune responsiveness associated with 
expenmental Encephalitozoon cuniculi infection m BALB/c mice Lab Amm Sci 
38 680-684 

Gannon, J 1980 The course of mfection of Encephalitozoon cuniculi m immunodeficient 
and immunocompetent mice Lab Amm (London) 14*189-192 
Majeed, S K, and A J Zubaidy 1982 Histopathological lesions associated with 
Encephalitozoon cuniculi (nosematosis) mfection m a colony of Wistar rats. Lab Amm 
(Ixindon) 16 244-247 



20 COMPANION GUIDE TO INFECTIOUS DISEASES OF MICE AND RATS 


Niederkom, J Y,J A Shadduck, and E C Schmidt 1981 Susceptibility of selected inbred 
strains of mice to Encephalitozoon cumculi J Infect Dis 144 249-253 
Shadduck J A,andS P Pakes 1971 Encephalitozoonosis(nosematosis) and toxoplasmosis 
Am J Pathol 64 657-674 


Hantaviruses 

Agent. Single-stranded RNA viruses, family Bunyavindae, genus Hantavirus. 
Hantaan virus, the cause of Korean hemorrhagic fever in humans, is the prototype 
member of the genus and is a significant zoonotic pathogen of laboratory rodents 

Animals Affected. Natural hosts of all hantaviruses appear to be small mam¬ 
mals, pnmanly rodents. Multiple species may serve as hosts in a given geographical 
area, and stram of virus and likelihood of causing disease in humans vary from 
region to region Thus far, about five dommant associations between hantaviruses, 
rodent earners, and human diseases (if present) have been desenbed as follows 
Hantaan virus, the field Apodemus agranus, Korean hemorrhagic fever (KKDF) 

in Korea, and the severe form of epidemic hemorrhagic fever in China, Puumala 
virus, the bank vole Clethrionomys glareolus, nephropathia epidemica (NE) m 
Eastern Europe and Scandmavia, urban and laboratory rat viruses, Rattus norvegicus^ 
moderate disease found mostly m people m Asia but occasionally also m Europeans, 
Girard Point and other viruses from North and South Amenca, Rattus norvegicus, 
no disease recogmzed m humans, although serologic evidence of infection has been 
found, and Prospect Hill virus, the meadow vole Microtus pennsylvanicus, no 
disease recognized in humans Naturally mfected laboratory rats have been the 
source of Hantavirus infections m research personnel in Japan, Belgium, the United 
Kingdom, and France 

Epizootiology. Hantaan virus appears m the lungs of its reservoir host about 10 
days postinfection and subsequently appears in the unne and saliva Peak virus 
shedding occurs about 3 weeks after infection, but virus can be detected m the lungs 
for 6 months and occasionally for up to 2 years Aerosols are the mam mode of 
transmission Other hantaviruses are assumed to have similar patterns of mfec- 
tion in their reservoir hosts 

Hantavimses are transmitted to humans from persistently infected rodents and 
other small mammals In laboratory settings, this is usually from laboratory rats or 
their tumors The major mode of transnussion is by aerosols of unne, feces, or saliva 
containmg infectious virus Du-ect ammal contact is not necessary Animal bites 
can transmit the infection but appear to be of relatively minor importance 

Clinical. Reservoir hosts have persistent subchmcal infections Human dis¬ 
ease has occurred only in Europe and Asia * 


*Signs of KHF m humans vaiy from mild to severe and mclude fever, headache, muscular pains, 
hemorrhages (cutaneous petechia or ecchymoses, hemoptysis, hematuna, hematemesis, melena), and 
protemuna 
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Pathology. Lesions have not been observed in reservoir hosts infected with 
hantaviruses. Lungs and other tissues contain large amounts of virus without 
morphologic changes 

Diagnosis. Since Hantavirus infections in rodents are mapparent, diagnosis is 
most likely to be made through health surveillance Recommended serologic tests 
are the IFA test, the ELISA, and the HAI test Nonmfectious antigen should be used, 
and work with animals and blood products should be done m a biological safety 
cabinet P3 conditions are needed for working with unconcentrated virus in small 
amounts The RAP test is recommended for testing transplantable tumors and other 
biologic matenals for Hantavirus contamination 

Control Hantavirus infections can be prevented by obtaining animals, trans¬ 
plantable tumors, and other biologic matenals that have been tested and found to be 
free of infection Contamination of laboratory rodent stocks by wild rodents must 
be prevented 

Laboratory rodent stocks found to be infected with 2 i Hantavirus should be de¬ 
stroyed and replaced with pathogen-free stock Although not proven to be effective, 
cesarean denvation has been recommended for ehmmating the infection in valuable 
genetic stocks 

Interference with Research. Some hantaviruses are important zoonoses 
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Hepatitis Virus, Mouse 

Agent. Single-stranded RNA virus, family Coronavmdae, genus Coronavirus 
Animals Affected. Mice 
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Epizootiology. Mouse hepautis virus (MHV) infection is extremely contagious; 
prevalence can exceed 80% Pathogenesis is influenced by such factors as virus 
stram and mouse strain. Current evidence suggests that the mfection runs its course 
m 2-3 weeks, and there is no earner state Transmission is by direct contact, fonutes, 
and airborne particles MHV is a frequent contammant of transplantable tumors and 
cell lines 

Clinical. In immunocompetent mice, MHV infections are usually subclmical 
Infant nuce of naive breedmg populations can show diarrhea and high mortality 
when infected with the more virulent enterotropic MHV strains Athynuc (nuinu) 
mice show progressive emaciation leading to debility and death 

Pathology. Strams of MHV differ greatly in virulence and tissue tropism, and 
mouse strams differ greatly m susceptibility to MHV These factors interact with 
host age and route and dose of virus moculation to determine the outcome of 
infection Mechanisms of host resistance to MHV infection are poorly understood 
Mice are fully susceptible to the vuiis as neonates, but some strains acquire 
resistance at 2-3 weeks of age as lymphoreticular function matures Cell-mediated 
immumty is important in the development of resistance, humoral immunity is 
considered relatively unimportant Macrophages, mterferon, and natural killer cells 
may also have important roles 

There are two major disease patterns the respiratory pattern and the entenc 
pattern Lesions in immunocompetent mice are present for only about 7-10 days and 
are usually nonspecific and subtle, particularly those associated with the respuatory 
pattern. In the respiratory pattern, mfection mvolves the nasal passages and lungs; 
mtestmal involvement is minimal. Lesions include mild olfactory mucosal necro¬ 
sis, neuronal necrosis of olfactory bulbs and tracts, lymphoplasmacytic mfiltrates 
and vacuolation m the bram, multifocal mterstitial pneumoma with mild perivascular 
lymphoid infiltrates, and multifocal necrotizmg hepatitis In the entenc pattern, 
mfection is pnmanly restneted to the bowel, with vanable spread to other abdoim- 
nal organs such as the liver and abdominal lymph nodes. Lesions are most severe 
m neonatal mice because of their relatively slow kmetics of mucosal epithelium 
turnover. Varymg degrees of epithehal lysis and bluntmg of viUi occur m the small 
mtestme Numerous multmucleate syncytial giant cells (balloon cells) can occur on 
the vilh, as well as in the crypts. In more severe cases, there can be ulceration of the 
mucosa. A similar lytic process occurs m the ascendmg colon and cecum 
Occasionally, there is multifocal necrotizmg hepatitis and/or encephalitis 

MHV infection m athymic (nuinu) or neonatally thymectonuzed imee becomes 
progressively more generalized, severe, and chrome, with mvolvement of many 
organs, including the liver, mtestme, lungs, bone marrow, lymphoreticular organs, 
vascular endothelium, and bram Multifocal necrosis with syncytial giant cells 
usually occurs m the liver Splenomegaly may develop because of compensatory 
myelopoiesis, and large numbers of myelopoietic cells may appear m the liver. 

Diagnosis. The ELISA is the test of choice for serologic momtormg An IFA 
test is adso available and is about equal m sensitivity to the ELISA CF and serum 
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neutralization tests are less sensitive Heterozygotes or sentinel mice should be used 
to test athymic stocks, because nuinu homozygotes do not develop CF antibody 
to MHV and have a weak and vanable antibody response to the ELISA and the 
serum neutralization test The characteristic histologic lesions of MHV infections 
are useful in both health surveillance and necropsy diagnosis Virus isolation can 
be difficult because not all strains grow equally well in all cell lines Transplant¬ 
able tumors and other biologic matenals can be screened by virus isolation or by the 
MAP test 

Control. Stnct adherence to barrier protocol, regular health surveillance, and 
testing of biologic matenals from mice are necessary to prevent MHV infection 
Cesarean denvation and bamer maintenance traditionally have been recommend¬ 
ed for redenvation of breeding stocks, however, these measures may be unneces¬ 
sary because recent evidence suggests that the virus is present for only 2-3 weeks 
Another approach is to isolate individual breeding pairs from MHV-mfected 
populations in separate containment devices, such as filter-top cage systems, and 
subsequently to select seronegative progeny as breeders 

Interference with Research. MHV has been reported to alter many expenmen- 
tal results Examples are alterations in immune function and hepatic enzyme 
activities, inhibition of lymphocyte proliferative responses in mixed lymphocyte 
cultures and mitogen-stimulated cells, alteration of phagocytic and tumorcidal 
activity, increase of hepatic uptake of injected iron, increase of susceptibility to 
other indigenous pathogens, activation of natural killer cells and production of 
interferon, delay of the increase in plasma lactic dehydrogenase activity following 
mfection with lactic dehydrogenase virus, and occurrence of anemia, leukopenia, 
and thrombocytopenia In athymic (nuinu) mice, the virus can also cause sponta¬ 
neous differentiation of lymphocytes beanng T-cell markers, alter IgM and IgG 
responses to sheep erythrocytes, enhance phagocytic activity of macrophages, 
cause rejection of xenograft tumors, impair liver regeneration after partial 
hepatectomy, and cause hepatosplenic myelopoiesis Subclimcal infections are 
exacerbated by thymectomy, whole-body irradiation, reticuloendothehal blockade 
by iron salts, and admimstration of cortisone, cyclophosphamide, antilymphocyte 
serum, chemotherapeutic agents, or halothane anesthesia 
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H-1 Virus* 

Agent. Smgle-stranded DNA virus, family Parvovindae, genus Parvovirus 
Animals Affected Laboratory and wild rats {Rattus norvegicus) 
Epizootiology Common infection of wild and laboratory rats, prevalance 
exceeds 50% m some populations Epizootiological charactenstics are generally 
assumed to be similar to those of Kilham rat virus infection Transmission is 
pnmanly honzontal, and virus is shed in urme, feces, nasal secretions, and miUc. 
Transplacental infection has not been demonstrated m natural infections 
Clinical. Natural infections are mapparent 

Pathology. There are no pathologic changes associated with natural infections 
Diagnosis The ELISA and IF A test are usually used for initial screening, 
followed by either the HAI, CF, or neutralization test for discnmmating between 
H-1 virus and Kilham rat virus infections Primary rat embryo, 324K, or BHK-21 
cells can be used for virus isolation 

Control The same measures recommended for Kilham rat virus (see page 25) 
should be effective m controUmg H-1 virus 

Interference with Research It might be possible for H-1 virus to alter studies 
of fetal development or teratogenesis, but this has not been reported to occur as a 
result of natural infection, H-1 virus has been reported to cause hepatocellular 
necrosis when rats are subjected to hver mj ury by hepatotoxic chemicals, parasitism, 
or partial hepatectomy. H-1 virus has been reported to inhibit experimental tumor 
mduction by adenovirus 12 and dimethylbenzanthracene m hamsters. 
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♦This virus was designated “H-1” by Toolan m 1961, and this is its official taxonomic name In the 
Umted States, the virus is commonly caUed Toolan H-1 virus 
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Kilham iRat Virus 

Agents. Single-stranded DNA virus, family Parvovindae, genus Parvovirus 
Animals Affected. Laboratory and wild rats are the natural hosts 
Epizootiology. Kilham rat virus (KRV) is a common infection in wild and 
laboratoiy rats, prevalence exceeds 50% in some populations Transmission is 
pnmanly by the honzontal route, either through direct contact or fomites Virus is 
shed in unne, feces, milk, and nasal secretions Transplacental infection is not 
considered important Persistent infection can last up to 14 weeks KRV is a 
frequent contaminant of cultured cell lines and transplantable tumors 

Clinical. KRV infections rarely cause clinical disease Signs in the few 
instances of overt disease that have been reported include increased numbers of 
uteiine resorption sites in pregnant dams and ninting, ataxia, cerebellar hypoplasia, 
and jaundice in their pups Spontaneous deaths, cerebellar hypoplasia, scrotal 
cyanosis, jaundice, abdominal swelling, dehydration, and other signs of severe 
illness have occurred in juvenile and young adult rats. 

Pathology. Parvoviruses attack rapidly dividing cells In newborn and young 
rats, KRV can cause jaundice, hemorrhagic infarction with thrombosis in multiple 
organs (including brain, spinal cord, testes, and epididymis), and cerebellar hyp¬ 
oplasia Amphophilic intranuclear mclusions occur in the endothelium and other 
cells of affected organs Focal necrosis, hypertrophy and vacuolar degeneration of 
hepatocytes, cholangitis, and biliary hyperplasia also occur Hemorrhagic 
encephalopathy has been reported in naturally infected LEW rats given cyclo¬ 
phosphamide 

Diagnosis. The ELISA and IFA test are the most sensitive tests but do not 
discnmmate between different serotypes of parvoviruses The HAI, CF, and 
neutralization tests are used for serotype discnmmation In clmical disease, typi¬ 
cal lesions should be demonstrated, and vmis isolation should be earned out The 
virus can be grown in primary rat embryo, 324K, and BHK-21 cells 

Control. The most practical approach to controllmg infection is to obtam 
animals demonstrated free of KRV by serologic monitoiing Biologic matenals 
should be tested for KRV infection by the MAP test Cesarean section should be 
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successful for redenving valuable breeding stocks of rats because transplacental 
transmission is not considered important. 

Interference with Research. KRV can contaminate transplantable tumors and 
rat cell cultures, mterfere with in vitro lymphocyte responses, suppress the devel¬ 
opment of Moloney virus-mduced leukemia, and alter in vitro lymphocyte re¬ 
sponses and cytotoxic lymphocyte activity KRV also has been reported to mduce 
interferon production Immunosuppression can cause chmcal disease in inapparently 
infected rats 
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Lactic Dehydrogenase-Elevating Virus 

Agent. RNA vims, family Togavindae 

Animals Affected. Mice 

Epizootiology Wild mice presumably serve as reservoir hosts Transmission 
occurs pnmanly during passage of contammated tumors, cells, or other biologic 
matenals Lactic dehydrogenase-elevating virus (LDV) is shed in feces, unne, 
saliva, and milk After the first week of mfection, the virus titer m these excretions 
declines sufficiently to make the nsk of transmission to other rmce relatively low 
Transplacental transimssion can occur B ite wounds increase transmission between 
cagemates 

Clinical. Natural infections are usually subchmcal There is lifelong viremia in 
which the virus is complexed to antiviral antibody and lifelong elevation m plasma 
lactic dehydrogenase (LDH) and other plasma enzymes The virus causes overt 
disease in C58 and AKR mice that are naturally immunosuppressed because of a 
loss of Lyt-1,2 cells between 5 months and 1 year of age These mice develop 
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polioencephalomyelitis with flaccid hind limb paralysis C58 are more susceptible 
than AKR mice Inhentance of this susceptibility is thought to be polygenic, 
possibly involving the H-2 complex 

Pathology. Virus titer in serum peaks 12-14 hours postinfection and gradually 
decreases until about 2 weeks postinfection, at which time the titer stabilizes for life. 
Serum LDH increases to 8- to 11-fold above normal by 72-96 hours postinfection 
because of the decreased clearance of LDH V, one of the five LDH isozymes It 
gradually declines over the next 3 months, although it remams significantly elevated 
for life. SJL/J mice carry a recessive trait that causes a 15- to 20-fold increase m 
serum LDH The activity of several other serum enzymes is also increased but to 
a lesser degree than LDH LDV selectively replicates in a small subpopulaUon of 
macrophages, the specific identity of which is not known As a result, cellular 
immunity is depressed dunng the first few weeks of infection and gradually returns 
to normal after weeks or months. There is an enhanced humoral response to 
antigenic challenge with T-cell-dependent antigens dunng the first 24 hours 
postmfection but a diminished humoral response to such challenge 3 weeks or 
longer after infection There is a similar enhanced response to early postinfection 
chaDenge with T-cell-independent antigen but no diminution of response m chronic 
infection, which suggests a defect in T-cell function Circulating antigen-antibody 
complexes, which partially neutralize LDV, are produced by 4 weeks postinfection 
These complexes are deposited in glomeruli, but they produce only a mild 
membranous glomerulopathy Protective antibody is not produced After 5 months 
of age, infected C58 and AKR mice develop age-dependent encephalomyelitis 
charactenzed by neuronal destruction, mononuclear infiltration, and microglial 
proliferation in the gray matter of the central nervous system 

Diagnosis. Diagnosis is usually based on the presence of increased plasma LDH 
activity Transplantable tumors, virus inocula, and other biologic matenals can be 
screened for LDV contamination by inoculating pathogen-free mice with the test 
matenal and performing a plasma or serum LDH assay 72-96 hours later Virus 
isolation is not practical for most diagnostic purposes. 

Control. Mice from commercial bamer breeding facilities are not likely to be 
infected LDV-free mice can be denved from contaminated stocks by selection of 
animals with normal plasma LDH concentration or by cesarean denvation LDV 
can be eliminated from tumors by passage of tumor cells in a rodent species other 
than the mouse or by maintenance of tumor cells m tissue culture 

Interference with Research. The effects of LDV on research results can be 
subtle and complex Subclimcal infection with LDV lasts throughout life, and the 
effects on many biologic endpomts can differ dramatically with time after mfection 
LDV-mduced immunosuppression can cause an alteration m defense mechamsms 
agamst other infectious agents It has been reported that tumor growth is enhanced 
early after LDV mfection because of depressed cellular immunity and is influenced 
less dunng chronic infection LDV infection also has been shown to alter the 
mcidence and behavior of spontaneous virus-induced neoplasms, including the 
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Bittner mammary tumor and munne sarcoma viruses, to suppress the development 
of urethan-induced pulmonary adenomas, and to suppress vinyl chlonde-vmyl 
acetate-induced carcmogenesis It has been reported to cause delayed allograft 
rejection, to prevent the development of experimental allergic encephalomyehtis, 
and to prevent autoimmune disease in NZB and (NZB x NZW)F j hybnd mice Serum 
gamma globulm levels and humoral antibody responses have been shown to 
increase dunng early infection, and humoral antibody responses have been shown 
to decrease dunng chrome infection LDV has been found to be a polyclonal 
lymphoc 5 l:e activator dunng the early stages of mfection 
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Leukemia Viruses, Murine 

Agents. RNA virus, family Retrovindae, type C oncovirus group 
Animals Affected. Laboratory and wild mice 

Epizootiology. Murme leukemia viruses (MuLVs) are mtegrated mto the DNA 
of the host’s sex cells and are transmitted vertically as Mendelian traits AU 
laboratory and wild Mus musculus are thought to harbor these viruses Horizontal 
transmission is mefficient but can occur through infected saliva, sputum, unne, 
feces, or milk or by mtrautenne infection 

Clinical. Despite the fact that all mice have endogenous MuLVs, leukemias and 
related mahgnancies occur naturally m only 1-2% of most strams Stram suscep¬ 
tibility IS influenced by the number of MuLV gene copies m the genome and by other 
genes, mcludmg Fv-i, Fv-2, In, nu, hr, and Ir The AKR stram, for example, has 
a high mcidence of MuLV-related spontaneous thyimc lymphoma, which reaches 
90% by the time the mice are 9 months of age The most common signs of thymic 
lymphoma are dyspnea, penpheral lymphadenopathy, and abdommal enlargement 
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Pathology. Mouse strains with a high incidence of leukemia (e g., AKR, C58, 
C3H/Fa) spontaneously express high titers of ecotropic MuLV in all organs 
throughout life Mouse strains with a low incidence of leukemia (e g., BALB/c, 
A/J, C3H/He, CBA/J) express only low titers of virus The mouse leukemias are, 
with few exceptions, actually lymphomas because they are predormnantly solid 
tumors of lymphocytes or other hematopoietic cells The majonty of those occur- 
nng before 1 year of age are thymic lymphomas, while those seen in older mice 
are predominantly histiocytic (reticulum cell) lymphomas Other types mclude 
nonthymic lymphomas, lymphatic leukemias, granulocytic leukemias, 
erythroleukemia, plasma cell tumors, and mast cell tumors. 

Diagnosis. Diagnosis of neoplasia is based on morphologic features in histo¬ 
logic sections Tumor cell types can also be detenmmed by analysis of cell-surface 
antigens Isolation and characterization of MuLVs require specialized techniques 
usually available only in research laboratones dedicated to viral oncology MuLV 
type and group specificity can be determined by immunofluorescence of fixed 
cells using an appropnate panel of type- or group-specific antisera 

Control. Control measures are not usually considered useful since all mice 
probably have endogenous MuLV proviruses as an integral part of their genomes. 
Honzontal transmission is considered inefficient. 

Interference with Research The presence of MuLVs probably has little 
significance for most research purposes MuLV expression and the associated 
occurrence of neoplasms, however, can present competing endpoints in some 
studies, e g , studies of aging processes in vanous organs Thus, an awareness of 
the incidence of spontaneous tumors in different mouse strains or the ability of 
specific test chemicals to induce tumors can be useful m designing some expen- 
ments Active MuLV infection can cause suppression of humoral and cellular 
immumty without causing clinical disease. 
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Lymphocytic Choriomeningitis Virus 

Agent. RNA virus, family Arenavmdae, genus Arenavirus 
Animals Affected. Wild mice are the prmcipal reservoir hosts, but laboratory 
mice and Synan hamsters also serve as important natural hosts Humans, monkeys, 
dogs, rabbits, guinea pigs, rats, and chickens are susceptible to the virus 

Epizootiology. Natural lymphocytic chonomenmgids virus (LCMV) infec¬ 
tions of laboratory mice are rare Only mfected mice and hamsters are known to 
transmit the virus. Both species can have chronic infections, with high concentra¬ 
tions of virus shed m the urme, sahva, and milk. The portals of entry are probably 
mucus membranes and broken skin Vertical (transovanan and/or transutenne) 
transmission occurs m mice and probably m hamsters Once mtroduced mto a 
population of mice, the infection can spread to all members of that population 
Since 1960 three epidemics mvolving at least 236 human cases have occurred 
m the United States, and all have been associated with Synan hamsters, either as 
laboratory animals bearing transplantable tumors or as pets * 

Clinical. Climcal signs are highly vanable dependmg on the virus strain, the 
mouse strain, and the age of the mouse at the time of mfection Persistent tolerant 
infection is acquned if infection occurs m utero or withm a few days of birth There 
is lifelong virerma and sheddmg of virus Transient runtmg can occur dunng the first 
3 weeks of life Thereafter, the mice appear normal At 7-10 months of age, immune 
complex glomerulonephritis occurs and is associated with emaciation, ruffled fur, 
hunched posture, ascites, and sometimes death Nontolerant (acute) infection is 
acquired if infection occurs after the first week of life when the animals are 
immunocompetent Vireima occurs, but there is no sheddmg of virus The outcome 
is either death withm a few days or weeks or recovery with eliimnation of the vims 
Natural infections m adult mice range from mapparent infection to severe dis¬ 
ease with high mortality Natural infections m hamsters are usually subclimcal 
Pathology. T-cell, but not B-cell, activity is suppressed m persistent tolerant 
infection Infectious vmis circulates bound to LCMV-specific IgG and complement 
These complexes accumulate m the renal glomenih, choroid plexus; and, to a lesser 
degree, in synovial membranes, m blood vessel walls, and beneath the epidermis of 
the skin to cause late-onset disease that becomes clinically apparent around 7-10 
months of age There is generalized lymphoid hyperplasia and penvascular accu¬ 
mulation of lymphocytes and plasma cells in all visceral organs. In nontolerant 
(acute) infection, there is multifocal hepatic necrosis and generalized necrosis of 
lymphoid tissues Both the morphologic lesions and eliimnation of the vmis are due 
to cell-mediated immune responses mvolvmg //-2-restncted, cytotoxic T lym¬ 
phocytes and possibly natural kiUer cells LCMV-mfected adult mice can be 
protected from disease by numerous immunosuppressive regimens Athyimc (nu! 

*In humans the usual chmcal manifestations are those of flu-like disease, with fever, headache, myalgia, 
nausea, vomitmg, sore throat, and photophobia bemg the major symptoms The followmg occur rarely 
rash, alopecia, dianhea, cough, arthntis, lymphadenopathy, orchids, delmum, amnesia, menmgitis 
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nu) mice inoculated with the virus at 3-6 weeks of age do not develop disease but 
become persistently viremic 

Diagnosis The serologic methods of choice are the IFA test, the micro plaque- 
reduction test for neutralizing antibody, and the ELISA The IFA test is particularly 
useful for rapid diagnosis early in the course of infection, while the micro plaque- 
reduction test IS considered better for chronic infection The CF test is considered 
relatively insensitive and is not recommended Drawmg and processing of blood 
from an animal suspected of LCMV infection should be done with care because of 
the likelihood of vu-emia 

The MAP test can be used in testing transplantable tumors and other biologic 
materials The virus can also be identified by using the IFA test in tissues or cultures 
of isolated virus. 

Control. The most practical method of control is to obtain mice only from 
colonies known to be free of LCMV and to maintain them in a bamer facility that 
excludes wild rodents Biologic matenals such as transplantable tumors should be 
pretested and shown to be free of the virus before expenmental use If LCMV 
infection is diagnosed, the entire stock should be destroyed and incinerated Ani¬ 
mal cages and other equipment should be autoclaved Animal rooms should be 
fumigated either with formalin (40% formaldehyde m water, sprayed on all 
room surfaces at 36 ml/m^) or paraformaldehyde (11 g/m^ vaponzed in a high- 
temperature silicone fluid at 96"C) and allowed to remain vacant for 7-10 days 
Cesarean denvation of animal stocks is of no value because of transovanan or 
transutenne transmission of infection. 

Interference with Research LCMV infection is an important zoonotic infec¬ 
tion that can cause senous disease and sometimes fatality in personnel LCMV is 
a frequent contaminant of biologic matenals, including transplantable tumors of 
mice, hamsters, and guinea pigs, tissue culture cell lines, virus stocks, including 
leukemia viruses, distemper virus, rabies virus, and mouse poliomyelitis virus, and 
Toxoplasma gondii sublines. LCMV infection has an inhibitory effect on tumor 
induction by polyomavirus, Rauscher virus, and mammary tumor virus Acute 
infection has been reported to cause induction of natural killer cell activity, 
depression of both humoral and cellular immunity, delayed rejection of skin and 
tumor allografts, increased susceptibility to mousepox virus or Eperythrozoon 
coccoides infection, and increased susceptibility to bactenal endotoxm and x- 
irradiation Abrogation of the naturally occumng insulin-dependent diabetes 
mellitus of BB strain rats has also been reported Chronic infection has been shown 
to cause proliferation of virus-specific cytotoxic T lymphocytes 
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Mammary Tumor Virus, Mouse 

Agent. RNA VITUS, family Retrovmdae Four major vanants have been identified 
MMTV-S (standard, the Bittner vims), which is transmitted through the milk to 
nursing young and is highly oncogenic, MMTV-L (low oncogenic), which is 
transnutted through germ cells and is weakly oncogenic, MMTV-P (pregnancy- 
dependent), which IS transmitted through both milk and germ cells and is highly 
oncogemc, MMTV-0 (overlooked), which is considered an endogenous virus in the 
genome of most mice 

Animals Affected. Wild and laboratory mice 

Epizootiology. When infected, strams such as C3H, DBA/2, and A readily 
express MMTV-S, and the virus can be demonstrated m a vanety of locations 
throughout the body, especially m mammary tissue and milk Transnussion of 
MMTV-S is by mgestion of infected milk, resultmg m a high incidence of mammary 
tumors early m life (6-12 months) when the associated genetic and hormonal factors 
are also present 

Clinical. Tumors occur m any part of the body where mammary tissue is located. 
The lungs are the most common site for distant metastases. 

Pathology. It is thought that the virus mitially induces hyperplastic alveolar 
nodules that progress to neoplasia The average latency penod from infection to 
tumor expression is 6-9 months. Suscepnbihty to MMTV is genetically determmed, 
and tumor development is enhanced by admmistration of estrogen to both males and 
females, forced breeding, and admmistration of carcinogens Mammary tumors are 
usually circumscnbed, round to nodular, gray to white masses located m the 
subcutaneous tissue. Ulcerations and hemorrhages are common m large tumors. 
Histologically, most are types A or B adenocarcmomas. Tj^e A tumors are 
characterized by uniform acmi Imed by a single layer of cuboidal cells. Type B 
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tumors are vanable in the extent of differentiation but usually consist of irregular 
cords and sheets of cells Types C, Y, L, and P adenocarcinomas, carcinomas with 
squamous cell differentiation, and carcinosarcomas occur less frequently Other 
histologic types are rare Mice of many strains develop humoral and cellular 
immune responses to MMTV, indicating that mice infected early m life are not 
immunologically tolerant 

Diagnosis. Pathologic diagnosis of mouse mammary tumors is based on 
histopathologic charactenstics Detection and charactenzation of the virus require 
test procedures normally available only in specialized vu-al oncology laboratones, 
including nucleic acid hybndization, immunologic assays for viral antigens, and 
bioassays for infectivity m different strains of mice 

Control. The most practical method of control is by selection of mouse strains 
without MMTV Foster nursing of young on mouse strams that are free of the virus 
has been used to eliminate MMTV-S 

Interference with Research. MMTV infection can be a complicating factor in 
expenmental carcinogenesis studies 
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Minute Virus of Mice 

Agent. DNA virus, family Parvoviridae, genus Parvovirus. 

Animals Affected. Wild and laboratory mice 

Epizootiology. Wild mice serve as reservoir hosts. Enzootic infection is 
common m bamer-maintamed and conventional breeding colonies of mice. Mmute 
vmis of mice (MVM) is highly contagious In infected colonies, maternal antibodies 
are protective until the young are 6-8 weeks of age; however, most mice become 
infected and seroconvert by 3 months of age Transmission occurs by direct contact 
and by unne and fecal contamination Airborne and transplacental infection are not 
considered important. 
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Clinical. Natural infections are inapparent 

Pathology. There are no pathologic changes associated with natural infections. 
Diagnosis. The ELISA and the IFA test are the most sensitive serologic tests. 
The HAI, CF, and neutralization tests are used to discnininate infections caused 
by MVM from those caused by Kilham rat virus or H-1 virus MRL/MpJ and MRL/ 
Mp]-lpr/lpr mice frequently show false-positive HAI test results for MVM Virus 
isolation can be done by usmg rat embryo tissue culture The MAP test is commonly 
used for detection of MVM in transplantable tumors and other biologic materials 
Control. Infection can be ehmmated from stocks of mice by cesarean denva- 
tion, but elimination of infected mice followed by replacement with MVM-free 
rmce is often more practical Stnct adherence to bamer procedures is required to 
maintam the MVM-free state. Wild mice must be excluded Transplantable tumors, 
virus stocks, and other biologic matenals should be monitored before admission to 
a facility 

Interference with Research. MVM is a frequent contammant of mouse leuke¬ 
mia virus preparations, transplantable tumors, hybndomas, and cell hnes Evidence 
that MVM can mterfere with research has come from studies of MVM(i), a single 
variant of the virus that may or may not occur as a natural mfection in contemporary 
mice MVM(i) grows lytically m cytotoxic T-lymphocyte clones, abrogates 
cytotoxic T-lymphocyte responses, suppresses T-lymphocyte mitogenic responses, 
and suppresses T-helper-dependent B-lymphoc 3 l:e responses m vitro The mtra- 
muscular moculation of MVM(p) into mice suppresses the growth of Ehrlich ascites 
tumor cells given mtrapentoneally 
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Mycoplasma arthritidis 

Agent. Gram-negative bacterium, family Mycoplasmataceae 

Animals Affected. Rats and mice 

Epizootiology. M arthritidis occurs as a common subclmical infection in rats 
and mice, including cesarean-denved, bamer-maintamed stocks 

Clinical. The infection is usually subclmical; disease caused by this agent is 
extremely rare 

Pathology. There are no pathologic changes associated with subclmical 
infections 

Diagnosis. The ELISA should be used for screenmg, immunoblot on positive 
sera can be used to discnminate between species of Mycoplasma Isolation of M. 
arthritidis from animals with subclmical infection requires culture of tissue 
homogenates from multiple organ sites, which is not practical in most instances In 
the rare event that clinical arthntis occurs, the organism should be cultured from 
joint exudates 

Control. Definitive information is not available 

Interference with Research Infection can cause spontaneous polyarthritis in 
rats Subclmical infections can be activated to complicate experimentally induced 
arthritis in rats M arthritidis can contaminate transplantable tumors of rats, caus¬ 
ing arthritis and/or abscesses at the injection site in recipients Expenmental 
infections of rodents with M arthritidis can be complicated by preexisting latent 
infection with this organism M is a frequent contaminant of rodent cell 

cultures. 
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Mycoplasma pulmonis 

Ageat. Gram-negative bactenum, family Mycoplasmataceae 

Animals Affected. Rats and mice The organism is occasionally isolated from 
wildrats (Rattusnorvegicus)^ cottonrats {Sigmodon hispidus hispidus), rabbits, Synan 
hamsters, and guinea pigs. 

Epizootiology. Infection and disease are common m conventionally reared rats 
and mice Subclimcal infection occurs in some cesarean-den ved, bamer-mamtamed 
stocks Transmission is thought to be by the mtrautenne route and by aerosol 
between cagemates, mcluding from dam to offspnng and between adjacent cages 

Clinical. Infections are usually subclimcal Signs of munne respiratory 
mycoplasmosis (MRM), the disease caused by M pulmonis, are nonspecific but can 
include rales, polypnea, weight loss, hunched posture, mffled coat, inactivity, and 
“head tilt,” in both rats and mice; “snuffling” and accumulation of porphynn 
pigment around the eyes and external nares in rats, and “chattenng” in mice 
Athyimc (nujnu) mice are no more susceptible to MRM than are immunocom¬ 
petent mice 

Pathology. M pulmonis is an extracellular parasite that preferentially colonizes 
the luminal surface of respiratory epithelium Organisms and lesions, if present, 
tend to decrease from proximal to distal airways Usually, the orgamsm is a 
commensal Intracage ammonia concentrations of 19 |ig/l of air or greater appear 
to exacerbate MRM by mcreasmg the growth of Af pulmonis m the respiratory 
tract Other mfluencmg factors include concurrent infection with Sendai virus, 
sialodacryoademtis virus or cilia-associated respiratory bacillus, admmistration 
of hexamethylphosphoramide or cyclophosphamide, a deficiency of vitamins 
A or E; inhalation of tobacco smoke; genetic susceptibility of the host (e g, LEW 
are more susceptible than F344 rats, C3H/HeN are more susceptible than 
C57BL/6N mice); and, possibly, virulence of the Af pulmonis strsm Charactenstic 
changes at any level in the respiratory tract include neutrophils in the airways, 
hyperplasia of the mucosal epithehum, and a lymphoid response in the sub¬ 
mucosa Lesions can be acute or chrome and mclude rhimtis, otitis media, laryn¬ 
gitis, tracheitis, bronchitis, bronchiectasis, pulmonary abscesses, and alveolitis 
Pleuntis and emphysema are rare Hyperplasia of bronchus-associated lymph¬ 
oid tissue IS charactenstic m rats Syncytial epithelial giant cells can occur in nasal 
and bronchial mucosa in mice LEW rats show gemtal disease, charactenzed by 
purulent endometntis, pyometra, salpmgitis, and penoophontis. In nuce humoral 
antibody is protective and can be passively transferred Cellular immunity appears 
to be more important m rats than in mice. 

Diagnosis. Cultural isolation can be achieved by using a medium that has been 
pretested and shown to support growth The nasopharynx is probably the best smgle 
site from which to obtam a culture sample, but culturmg samples from multiple sites 
mcreases the isolation rate A battery of bactenal, viral, and histopathologic 
procedures should be used to identify the responsible agent(s) and to exclude other 
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exacerbate MRM The ELISA is the method of choice for rodent health surveil¬ 
lance, It IS more sensitive and cost effective than is cultunng the organism The 
ELISAs currently in use are only genus specific, therefore, immunoblot is used to 
differentiate between species of Mycoplasma Detection of subclmical infection is 
often a major problem, ELISA seroposidvity might occur only sporadically, the 
number of ELISA-positive animals might be very small, and seropositive animals 
might become negative again The best results are obtained when only adults are 
tested (weanlings with subclmical infection usually are ELISA negative), sample 
size IS mcreased, and testing is done repeatedly 

Control. Cesarean-denvation and bamer-maintenance programs appear to 
have reduced the prevalence of disease but may not have been equally successful 
in reducing the prevalence of infection The major emphasis should be on selecting 
mycoplasma-free breeding stocks This can be achieved by housing small groups 
of young adult breeders in plastic film isolators and testing them monthly using the 
ELISA until they are 12 months of age Young animals from stocks found to be 
consistently negative can then be used to establish breeder production populations 
under bamer programs Definitive information on eliminating M pulmonis from 
clinically or subclmically infected stocks is lacking Dams should be several months 
old and have been found repeatedly to be ELISA negative Administration of 
antimicrobial agents might help to control clinical signs, however, such agents are 
not curative and can introduce vanables if used in animals on expenmental 
protocols 

Interference with Research. Morbidity and mortality caused by MRM can 
disrupt long-term studies MRM alters ciliary function, cell kinetics, and immunity 
in the respiratory tract and changes the response to carcinogens Infection in LEW 
rats delays the onset and reduces the seventy of adjuvant arthntis, reduces the 
incidence of expenmental collagen-induced arthntis, and reduces antibody re¬ 
sponse to collagen Genital infection alters genital tract histology In mice infection 
can activate natural killer cells, contaminate transplantable tumors, and cause 
arthntis in the recipients Subclmical infection can be exacerbated by some 
expenmental procedures (e.g , deficiencies of vitamm A or E, administration of 
hexamethylphosphoramide) M pulmonis is a frequent contaminant of rodent cell 
cultures Mycoplasmas produce lymphokine-like substances that are mitogenic for 
B and T lymphocytes in vitro 
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Pasteurella pneumotropica 

Agent. Gram-negauve coccobacillus, family Pasteurellaceae 
Animals Affected. Mice, rats, hamsters, guinea pigs, and many others 
Epizootiology. P pneumotropica can be isolated from up to 95% of healthy 
animals m some colonies It can be isolated from many organs, including the 
respiratory tract, oral cavity, intestine, uterus, unnary bladder, skin, and conjunctiva 
Transmission is probably by contact and fomites 

Clinical. Infections are usually subclimcal When clinical infections do occur, 
signs in mice include conjunctivitis, panophthalmitis, dacryoadenitis, subcutane¬ 
ous and cervical abscesses, bulbourethral gland infections, uterme mfections, 
and otitis media, while signs in rats include ophthalmitis, conjunctivitis, subcuta¬ 
neous abscesses, and mastitis 

Pathology. P pneumotropica is an opportunist that most frequently causes 
lesions of the skm and adnexal structures Lesions are usually charactenzed by 
suppurative inflammation 

Diagnosis. Diagnosis must discnminate between P pneumotropica infection 
and P pneumotropica-mductd disease and rule out other possible causative agents 
and disease processes Pasteurella spp , Actinobacillus spp , Haemophilus spp , and 
Yersinia spp, which are commonly found in mice and rats, give similar reactions 
m many biochemical tests Therefore, extensive biochemical testing is required to 
accurately identify these organisms An ELISA for detection of serum antibody to 
P pneumotropica has recently been developed 

Control. Cesarean denvation and mamtenance in a gnotobiotic isolator may be 
necessary to exclude the orgamsm completely Antibiotic therapy has limited value 
Interference with Research. There have been no reports of interference with 
research results 
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Pneumocystis carinii 

Agent. Classification uncertain Considered a fungus or a protozoan 

Animals Affected. Mice, rats, humans, and numerous other mammals 

Epizootiology. P carinii is a ubiquitous organism of low virulence It causes 
active pulmonary disease only in immunocompromised hosts It is extremely 
prevalent as a persistent subclinical infection in mice and rats Transmission is 
thought to be by inhalation of infective cysts expelled during exhalation or 
coughmg 

Clinical Signs. Rats and mice show no clinical signs unless they are immuno- 
deficient or immunosuppressed Clinical signs include weight loss, cyanosis, rough 
hair coat, and dyspnea 

Pathology. In animals with active disease the lungs are enlarged, rubbery in 
consistency, plum colored, and heavier than normal Histologically, alveolar septae 
are vanably thickened, and there is a meager inflammatory response of lymphoid 
cells. Many alveoli are distended by homogeneous, foamy, eosinophilic material 
charactenstic of P carinii pneumonia 

Diagnosis. Definitive identification of P cannii in active infection depends on 
the demonstration of cysts (charactenstically containing eight sporozoites) and 
trophozoites Cysts measure 5-7 pm m diameter and have thick walls that stain with 
methenamine silver, cresyl violet, penodic acid-Schiff, or toluidine blue. Giemsa 
stam is preferred for the demonstration of trophozoites and sporozoites in lung 
impnnts An IFA method also has been used Acndme orange has been proposed 
for rapid screening of impnnts, trophozoites stain yellow to orange; cyst walls 
do not stain Persistent infections can be diagnosed by immunosuppressing 
some animals and then demonstrating the organisms in diseased lung tissue 

Control. Subclinical infection is probably very common in conventionally 
reared and pathogen-free colonies Gnotobiotic methods are likely useful in 
excludmg the infection but might not be completely effective because of possible 
vertical transmission 

Interference with Research. P carinii can complicate long-term studies in 
which severely immunosuppressed animals are used Athymic (nulnu) and severe 
combined immunodeficient (scidlscid) mice can develop active infection 
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Pneumonia Virus of Mice 

Agent. RNA virus, family Paramyxovindae, genus Pneumovirus 
Animals Affected. Mice, rats, and hamsters 

Epizootiology. Prevalence rates are approximately 50% in rat and hamster 
colonies and 20% in mouse colonies Active infection m mice (and presumably in 
rats and hamsters) lasts about 9 days Chronic or latent infections do not occur 
Transmission is exclusively honzontal via the respiratory tract, mainly by direct 
contact and aerosols Fomites are probably not important m transmission 

Clinical Signs. Natural infections are subclimcal, except m immunocompro¬ 
mised hosts Chrome illness, emaciation, and death have been reported in infected 
athymic (nuinu) mice 

Pathology. No pathologic lesions have been associated with natural infections 
m immunocompetent hosts Chronic pneumonia has been reported to occur m 
naturally infected athymic mice 

Diagnosis. The ELISA is the most sensitive method for routme momtonng The 
HAI test IS also reliable, although occasionally it gives false-positive results The 
CF test IS useful for detecting recent PVM mfections The MAP test is useful for 
detecting the virus m biologic specimens The virus can be isolated by using 
pnmary hamster kidney, BHK-21, Vero, or hamster embryo cells. 

Control. Cesarean denvation and bamer mamtenance are effective methods 
of controllmg infection. 

Interference with Research. There have been no reports of interference with 
research results 
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Polyomavirus 

Agent. DNA virus, family Papovavindae, genus Polyomavirus 

Animals Affected. Wild and laboratory mice 

Epizootiology. Polyomavirus is very rare in mice from commercial bamer 
breeding facilities in the United States The virus is highly contagious and is shed 
in large quannties in saliva, unne, and feces of infected mice In persistently infected 
dams, the titer of virus in the kidney increases dunng late pregnancy The virus has 
a propensity for airborne dissemination and intranasal infection Contaminated feed 
and beddmg can also be important sources of mfection 

Clinical. Natural infections are usually inapparent Athymic (nu/nu) mice given 
heterotransplants of human tumors contaminated with the virus have been reported 
to develop a syndrome characterized by wasting and paralysis of the rear legs and 
tail. 

Pathology. Morphologic lesions, including polyomavirus-induced tumors, are 
usually not found in naturally infected mice 

Diagnosis. The ELISA and HAI test are commonly used m routine health 
momtormg The MAP test can be used for screenmg tumor lines and other biologic 
matenals. Virus isolation using mouse embryo tissue culture can be useful m 
selected situations. 

Control. Cesarean denvation and bamer mamtenance are usually effective in 
ehrmnatmg the virus because transplacental transrmssion does not occur Stnct 
isolation from polyomavirus-mfected stocks and exclusion of wild mice from 
animal facilities are essential for preventing infection Lammar-flow units and 
filter-top cages are helpful m reducing the spread of mfection m laboratories m 
which the agent is used expenmentally 

Interference with Research. Polyomavirus can complicate research by con- 
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taminatmg tumor lines, stocks of other viruses, and other biologic matenals that are 
passaged in mice. Polyomavims-contammated tumors can cause paralysis and 
wastmg m athymic (nu/nu) mice 
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Pseudomonas aeruginosa 

Agent. Gram-negative bactenum, family Pseudomonadaceae 
Animals Affected. Mice, rats, humans, and numerous other species 
Epizootiologj. P aeruginosa is ubiquitous, occurrmg widely m soil, water, 
sewage, and air It is widely distributed in conventional stocks of rodents and is 
transmitted by fomites (e g , contammated food, beddmg, or water) or by contact 
with infected humans or rodents 

Clinical. The orgamsm is sometimes part of the normal flora in the digestive 
tract, and climcal signs are not present. Fulmmatmg septicemia, resulting m death 
with few clmical signs, can occur m immunosuppressed animals There are a few 
reports of “circhng” or “roUmg” m mice associated with otitis media and interna 
caused by this organism. 

Pathology. Gross and histopathologic lesions are nonspecific Occasionally 
there is suppurative oUtis media with extension into the inner ears and to the adj acent 
menmges or brain Animals subjected to severe immunosuppression (e g, whole- 
body irradiation or cyclophosphanude admimstration) can develop fulmmant 
septicemia with hemorrhage and multifocal necrosis m multiple organs 

Diagnosis. Diagnosis of P infection is made by isolation and iden¬ 

tification of the orgamsm and exclusion of other possible causes of disease. In 
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animals that have been immunosuppressed, septicemia should be demonstrated by 
culture of the organism 

Control. Control is only necessary for immunosuppressed rodents Cesarean 
denvation followed by maintenance under gnotobiotic conditions completely 
eliminates the organism P aeruginosa can be eliminated from animal facilities by 
ngorous sanitation measures coupled with acidification and/or hyperchlonnation 
of the water 

Interference with Research. Indigenous infections are of little importance 
except when the research involves immunosuppressed animals Mice and rats 
naturally infected with P aeruginosa typically die earlier than do noninfected 
controls when exposed to lethal doses of whole-body irradiation, cyclophosphamide, 
cortisone, or other immunosuppressants 
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Reovirus-3 

Agent. RNA virus family Reovindae, genus Reovirus 
Animals Affected. Mice, rats, hamsters, guinea pigs, and others 
Epizootiology. Reovirus-3 is prevalent in contemporaiy rodents Transmission 
IS by the fecal-oral route and probably by aerosol Infected fomites may be 
important because reoviruses are relatively resistant to environmental conditions 
Clinical. Natural infections are subclinical 

Pathology. There are no pathologic changes associated with natural infections 
Diagnosis. The ELISA is the most sensitive method The CF test is not reovirus- 
type specific, and the HAI test is prone to give false-positive results for reovmis-3 
Vuus isolations can be performed using L cells or embryonic kidney cells 
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Transplantable tumors and cell lines can be screened for reoviruses by using tissue- 
culture methods or the MAP test. 

Control. Cesarean denvation and bamer maintenance appear to be effective 
methods of control 

Interference with Research. Reovirus-3 is an occasional contaminant of and 
may interfere with research involvmg transplantable tumors and cell Imes. 
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Rotavirus, Mouse 

Agent. RNA virus, family Reovindae, genus Rotavirus, group A 
Animals Affected. Mice 

Epizootiology. Mouse rotavirus is thought to be widely prevalent, but this has 
not been documented for contemporary mouse stocks Transmission is by airborne 
infection in which contaminated dust and bedding from adjacent cages probably 
play key roles. Mice are most susceptible to mfection from birth to about 17 days 
of age Infected neonates shed high concentrations of virus in the feces from about 
2to8-10dayspostmfection Transient viremia and viruna can occur Mice infected 
after about 17 days of age shed lower concentrations of virus in the feces for 2-4 
days It is not known whether there is persistent infection or whether very low 
concentrations of virus are shed m the feces beyond these time points There is no 
evidence for transplacental transnussion 

Clinical. Susceptibility to disease is age dependent, bemg greatest from 4 to 17 
days of age Infection in adults is subclmical Diarrhea durmg the first 2 weeks of 
life IS the only consistent sign of disease Watery, yellow stools usually begin 
around 48 hours postmfection and persist for about 1 week. Varymg amounts of 
stool accumulate around the anus and base of the tail, soilmg the coats of neonates 
and their dams Affected neonates may appear lethargic and have distended 
abdomens Usually there is no mortality. 

Pathology. The mfection progresses from the proximal to distal end of the 
intestine, involvmg the duodenum, jejunum, ileum, and colon The virus selectively 
infects epithelial cytoplasm and destroys cells near the tips of the villi m the small 
mtestme, resulting in nuld villous atrophy. C 3 rtoplasimc vacuoles of varymg size 
occur m the mucosal epithelium 

Diagnosis. Diagnosis is made by serologic testmg usmg the CF test, radioim¬ 
munoassay, IFA test, ELISA, or other methods, by demonstration of rotaviral 
antigen lesions m the small mtestme, or by isolation of the virus usmg trypsimzed 
pnmary monkey kidney cells 
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Control. Cesarean denvation and exclusion by bamer maintenance are the 
traditional methods of control However, it is more practical to use such methods 
as isolation and quarantine of individual breeding pairs with subsequent selection 
of seronegative progeny for breeding The use of filter-top cage systems can be 
beneficial in controlling the transmission of infection among subpopulations 
housed in the same room 

Interference with Research. Infection can alter research results in studies using 
infant mice Protem-calone depnvation of nursing dams increases the seventy 
of diarrhea, increases mortality, and reduces the weight gams of MRV-infected 
infant pups Folic acid deficiency also increases the seventy of diarrheal disease. 
Rotavirus-mfected infant mice show increased mortality when challenged with 
enterotoxigemc Escherichia coli 
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Salmonella ententidis 

Agent. Gram-negative bactenum, family Enterobactenaceae, tnbe Salmonellae 
There are more than 1,500 serotypes of Salmonella ententidis 
Animals Affected. Mice, rats, humans, and many others 
Epizootiology. Prevalence in laboratory rodents is unknown, but there is 
evidence that subchnical infections caused by weakly virulent strains are common 
m the Umted States Infections are acquired pnmanly by mgestion, usually from 
contammated food, water, or bedding. After initial colony infection, about 5% of 
the animals become asymptomatic, chronic earners and shed organisms m the feces 
for many months 

Clinical. Most infections in mice are subclimcal In clinical outbreaks, 
nonspecific signs, including ruffled fiir, hunched posture, reduced activity, weight 
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loss, conjunctivitis, and vanable mortality, follow an incubation penod of 2-6 days 
Diarrhea occurs m only about 20% of animals Enzootically infected breeding 
colonies can have altematmg penods of mapparent infection and overt clinical 
disease Litter sizes and birth weights can be reduced. Clinical salmonellosis in rats 
is extremely rare Virulence and dose of the organism and the host’s age, strain, m- 
testmal microflora, nutntional state, immune status, and intercurrent infections 
affect the expression of disease C3H/HeN, C3H/St, C3H/Bi, CB A/Ca, BRVR, A/J, 
A/HeN, SWR/J, and DBA/2 mice are relatively resistant to S ententidis-mduced 
disease, while BSVS, DBA/1, BALB/c, C57BL/6, C3H/HeJ, and CBA/N mice are 
relatively susceptible. Three distinct genetic loci affect susceptibility Ity (mimumty 
to S typhimu) ium\ Lps (lipopolysacchande response), and jc/d (X-hnked immune 
deficiency) Weanlmg mice are more susceptible than adults Susceptibility to clin¬ 
ical disease is increased by food and water depnvation, nutntional iron deficiency 
m rats, nutntional iron overload m mice, pretreatment with sodium bicarbonate by 
gavage, and adirumstration of morphine sulfate to slow gastrointestinal motility 
Pathology. Gross lesions are extremely vanable, depending on the stage of 
disease Animals that die of acute infection may have only hyperemia and 
congestion of visceral organs Animals that survive a week or longer often appear 
emaciated, have hyperemia and thickening of the ileal and cecal walls, an empty or 
fluid-filled large mtestine, multiple white or yellow foci in the liver, splenomegaly, 
enlarged mesentenc lymph nodes, and fibnnous exudate m the pentoneal cavity 
Chronic earners usually do not have gross lesions The predominant microscopic 
lesions of salmonellosis are ileocecitis, mesentenc lymphadenitis, and multifocal 
inflammation m the liver and spleen, each varying m character depending on the 
stage of disease There is multifocal to diffuse destruction of villous epithelium in 
the ileum, with blunting of villi and hyperplasia of crypt epithelium and purulent to 
pyogranulomatous mflammation in the lamma propna Similar changes occur in 
the cecum, which is more severely affected in rats than m mice Ulcerative cecitis, 
accompamed by severe pyogranulomatous inflammation m the lamina propna and 
purulent to chronic inflammation leadmg to atrophy and cyst formation m the 
paracecal lymph nodes, is charactenstic of salmonellosis m rats Multifocal 
purulent, pyogranulomatous, or granulomatous inflammation occurs m the mesentenc 
lymph nodes, liver, and spleen. So-called cell-fragment thrombi commonly occur 
m hver and spleen m which necrotic foci break mto venous channels Pentomtis is 
commonly caused by extension of the infection through the capsule of the liver, 
lymph nodes, or spleen Cholangitis and cholecystitis are seen infrequently Pyo¬ 
granulomatous inflammation occasionally occurs m other organs such as the lungs 
Diagnosis. S ententidis is diagnosed by cultural isolation and serologic typing 
of isolates It is usually best to culture the liver, spleen, mtestine, feces, and blood 
Charactenstic histopathologic lesions help to rule out diseases with similar gross 
lesions (e g , mousepox, Tyzzer’s disease, and streptobacillosis m mice) Camers 
must be detected by cultural isolation of the organism because there is no satisfactory 
serologic method for testmg suspected earners 



DISEASE AGENTS 47 


Control. Affected animals pose a zoonotic nsk to personnel, are a source of 
infection for other animals, and are unsuitable for research The usual method of 
control IS to destroy the entire population and replace it with animals from a 
pathogen-free source For extremely valuable stocks, cesarean denvations can be 
attempted Prevention is by bamer mamtenance, avoidance of Salmonella-con- 
laminated food and water, and exclusion of mfected anunals and wild rodents from 
the ammal facility Regular momtonng is necessaiy 

Interference with Research. Salmonella-mfectcd mice can have a nonspecific 
resistance to challenge with other intracellular parasites such as Listeria 
monocytogenes Prior immunization of mice with viable S enteritidis has resulted 
in the suppression of growth of transplantable tumors Concurrent infections of S' 
enteritidis and Plasmodium berghei in mice have resulted in higher mortality 
than infection by either agent alone S enteritidis infection has caused reduced 
blood glucose and hepatic enzyme levels Mice orally infected with S enteritidis 
have reduced intestinal enzyme activities Susceptibility to infection is increased 
by some experimental procedures 
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Sendai Virus 

Agent. RNA virus, family Paramyxovindae, genus Paramyxovirus. 

Animals Affected. Mice, rats, hamsters, and possibly guinea pigs 

Epizootiology. Sendai virus (SV) is extremely contagious Prevalence is 
considered high in colonies of laboratory mice and rats worldwide Natural 
infection occurs via the respiratory tract Transmission is by direct contact and 
fomites and is highly efficient Viral replication is thought to be limited to the 
respiratory tract and occurs for only about 1 week postinfection. 
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Clinical. Natural S V infection in rats is usually subclimcal In pregnant rats, the 
infection can cause fetal resorptions, retarded embryonic development, and mortal¬ 
ity of neonates. Susceptibility to SV-induced disease in mice is dependent on the 
stram or stock Those that are the most susceptible mclude 129/ReJ, 129/J, DBA/1 J, 
DBA/2J, and S~nu/nu (Swiss carrying the mutation nude) Strains of mtermediate 
susceptibility include A/HeJ, A/J, SWR/J, C57BL/10Sn, and BALB/c The most 
resistant strains and stocks mclude SJL/J, RF/J, C57BL/6J, and S The mode of 
inheritance and mechamsms of host resistance are poorly understood Climcal 
disease caused by natural SV infection m mice falls mto one of two patterns 
Enzootic (subclimcal) mfection commonly occurs in breeding populations Adults 
have active immumty due to pnor mfection, and newborn mice are passively 
protected by maternal antibody until around 4-8 weeks of age, when they become 
infected Recovery is prompt and usually without morbidity or mortahty Epizootic 
(chmcally apparent) infection occurs when a mouse population is first infected 
Infection qmckly spreads through the entire population Signs are vanable but may 
include chattenng, mild respnatory distress; and prolonged gestation in adults, 
deaths m neonates and sucklings, and poor growth m weanling and young adults. 
Breeding colomes return to normal productivity in 2 months and thereafter mam- 
tam the enzootic pattern of infection. Epizootics of disease that exceed these gen¬ 
eral patterns in clmical seventy should arouse suspicion of complication by 
other agent(s), particularly Mycoplasma pulmonis and ciba-associated respiratory 
bacillus 

Pathology. There are few gross lesions m uncomplicated SV infections. The 
lungs can appear focally reddened or atelectatic, and serous fluid can be visible in 
the pleural and pencardial cavities The most severe lesions are seen in mice that 
are mfected as sucklings or weanlmgs and m mice of the more susceptible strains 
Severe necrotizing bronchitis and bronchiolitis often cause intense inflammatory 
mjury to terminal bronchioles, resultmg in scarrmg with severe distortion of the 
smaller airways and formation of polypoid outgrowths into bronchiole lumens 
There is also pronounced hyperplasia of airway epithelium resulting in penbron- 
chiolar adenomatous hyperplasia that can persist throughout life In aged mice the 
air spaces in these lesions are often filled with mucus, large macrophages, and 
cellular debns. There can be large eosmophilic crystals m the air spaces, cyto¬ 
plasm of the macrophages, and cells forming the adenomatoid structures The 
termmal bronchioles of rats may be scarred and distorted but do not show the 
hyperplastic penbronchiolar changes seen m mice 

Athymic (nuinu) mice develop chrome pneumonia similar to that m immuno¬ 
competent nuce but have abundant mtranuclear and mtracytoplasmic inclusions 
m laryngeal, tracheal, bronchial, and bronchiolar epithelia, as well as m type I 
and n pneumocytes and alveolar macrophages The virus persists for 10 weeks or 
longer. Athymic {rnufrnu) rats also have mcreased susceptibility to SV and de¬ 
velop a similar chrome lung disease 

Diagnosis. The ELISA is the test of choice for routine serologic momtonng The 
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ELISA also successfully detects anti-S V antibody in infected athymic (nuinu) mice 
An avidm-biotm-peroxidase-complex method has been used successfully for 
demonstrating S V antigen in histologic sections Isolation of SV can be achieved 
by using BHK-21 or pnmary monkey kidney cell cultures or by inoculating the 
amniotic or allantoic sacs of 8- to 10-day-old embryonated hen’s eggs The MAP 
test can be used for determining contamination of transplantable tumors and other 
biologic matenals 

Control. To prevent the introduction of infection, only animals known to be free 
of SV should be obtained, and the animals should be maintained under stnct bamer 
conditions In addition, all biologic matenals, such as transplantable tumors, should 
be pretested and shown to be free of the virus If S V infection is detected, prompt 
elimination of infected subpopulation(s) is essential to prevent spread of the 
infection to other rodents A less effective alternative is to place the infected ani¬ 
mals under stnct quarantine, remove all young and pregnant females, suspend all 
breedmg, and prevent the addition of other susceptible animals for a penod of 6-8 
weeks until the infection has run its course and the virus has been eliminated 
naturally. Cesarean derivation is effective but usually is not warranted Vaccina¬ 
tion might prove useful in some situations 

Interference with Research. Expenmental SV infection alters the phagocytic 
function of pulmonary macrophages Concurrent SV and M pulmonis infections 
are synergistic in mice, causing disease of far greater seventy than that caused by 
either agent alone It has been reported (but not confirmed) that infected mice have 
deficiencies in T- and B-cell function that persist throughout life, but most of the 
evidence mdicates that such deficiencies are transient, lasting only a few weeks S V 
infection inhibits in vitro mitogenesis of lymphocytes, increases natural killer cell- 
mediated cytotoxicity, and increases cytotoxic lymphocyte responses after m vivo 
stimulation with SV-coated syngeneic cells Isograft rejection is altered and the 
neoplastic response to respiratory carcinogens can be increased or decreased 
Wound healing is delayed Cyclophosphamide increases the clmical and pathologic 
seventy of SV infection SV infection in rats alters the mitogenic responses of T 
cells, reduces the seventy of adjuvant arthntis, and decreases antibody response to 
sheep erythrocytes SV infection alters host responses to transplantable tumors 
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Sialodacryoadenitis Virus 

Agent. RNA vims, family Coronavindae, genus Coronavirus 
Animals Affected. Rats Mice are susceptible to expenmental infection, but 
natural infection has not been reported for this species 

Epizootiology. Sialodacryoademtis vims (SDAV) is one of the most common 
vimses in laboratory rats It is highly contagious and transmitted by contact and 
aerosol It is not transmitted vertically LEW, WAG/Rij, and SHR rats are more 
susceptible than WI (Wistar), SD (Sprague-Dawley®), LE (Long Evans), and F344. 

Clinical Signs. Enzootic disease Adults are immune because of previous 
infection Suckling rats have a mild, transient (1 week or less) conjunctivitis 
accompanied by blinking Occasionally, exudate causes the eyelids to adhere 
together Clmical signs usually disappear by weaning Epizootic disease Overt 
disease occurs in naive rat populations There is a sudden high incidence of overt 
disease Signs include cervical edema; sneezing, photophobia, serous to seropum- 
lent, often porphynn-stained nasal and ocular discharge, corneal ulceration, and 
keratoconus There is high morbidity but no mortality Most clinical signs dis¬ 
appear in a week, but the eyes might be more prominent than normal for 1-2 
weeks because of inflammation of retroorbital tissues. 

Pathology. SDAV has a positive tropism for serous or mixed serous-mucous 
tubuloalveolar glands The submaxillary and parotid salivary, exorbital lacnmal, 
Hardenan, and mtraorbital lacnmal glands are the major target organs There are 
also mild changes in the cervical lymph nodes, thymus, and respiratory tract. 
Charactenstically, by 5 days postinfection, there is diffuse necrosis of alveolar and 
ductal epithelium in the sahvary and lacnmal glands, and polymorphonuclear 
leukocytes quickly infiltrate the necrotic debns and mterstitmm accompanied by 
interstitial edema The ductal epithehum is rapidly repaired, becoming hyperplastic 
and squamous m appearance by 10 days postmfection Intranuclear mclusions are 
occasionally observed Complete restoration of normal glandular architecture 
requires about 30 days. Eye lesions mclude mtershtial keratitis, comeal ulceration, 
keratoconus, synechia, hypopyon, hyphema, and conjunctivitis Sequelae of 
infection can mclude megaloglobus with lenticular and retinal degeneration 
Thymic lesions are limited to focal necrosis of the cortex and medulla with some 



DISEASE AGENTS 51 


Widening of the interlobular septae Focal necrosis and lymphoid hyperplasia occur 
m cervical lymph nodes 

Diagnosis. The ELISA and the IFA test are more sensitive than the CF test 
Presumptive diagnosis often can be based on charactenstic histologic changes in 
Hardenan, submaxillary, and parotid glands Lesions can be bilateral or unilateral 
and are frequently found in animals with negative serologic tests for coronavirus 
antibody The virus can be isolated by culture methods using pnmary rat kidney 
cells or by intracerebral inoculation of neonatal mice The virus can be demonstrated 
in affected tissues by immunofluorescence for only about 7 days postinoculation 
Control. Control requires very stnct adherence to preventative measures, 
including procurement only of rats known to be free of SDAV and adherence to 
stnct bamer housing procedures Prompt elimmation of infected subpopulation(s) 
is essential to prevent spread of infection to other rodents. A less effective al¬ 
ternative IS to place infected animals under stnct quarantine, remove all young 
and pregnant females, suspend all breeding, and discontinue adding other suscep¬ 
tible animals for a penod of 6-8 weeks until the infection has run its course and 
the virus has been eliminated naturally 

Interference with Research. The virus can senously complicate studies in¬ 
volving the eyes, salivaiy glands, lacnmal glands, or respiratory tract It is reported 
to reduce reproductive rate in breeding populations emd slow growth rate of young 
rats It inhibits phagocytosis and interleukin-1 production by pulmonary macro¬ 
phages SDAV infection exacerbates concurrent Mycoplasma pulmonis infection 
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Staphylococcus aureus 

Agent. Gram-positive bactenum, family Micrococcaceae 
Animals Affected. Mice, rats, humans, and manv c^thm 



52 


COMPANION GUIDE TO INFECTIOUS DISEASES OF MICE AND RATS 


Epizootiology. S aureus commonly colonizes the nasopharynx, lower diges¬ 
tive tract, fur, and skin It is readily cultured from cages, room surfaces, and per¬ 
sonnel The epizootiology of pathogenic types in animals is poorly understood 
Human earners might be an important source of infection for rodent colonies and 
vice versa Many rodent colonies have infection without overt disease Pathogen¬ 
esis IS probably dependent on many factors, mcludmg phage type(s), traumatic 
mjunes of skin or mucosal surfaces, host factors, and sanitation 

Clinical. Rats Ulcerative dermatitis with intensely pruntic, moist eczematous 
lesions (usually 1-2 cm m diameter) occurs on the lateral surfaces of the shoulders 
and neck Lesions appear to be mitiated or aggravated by scratching Mice 
Ulcerative dermatitis with moist eczematous lesions occurs on the face, neck, ears, 
and forelegs Multiple abscesses and botryomycotic granulomas can develop m 
deeper tissues of the face, mcludmg the orbital tissues, facial muscles, pendontium, 
and mandibles Purulent lesions of varymg size occur commonly around the eyes 
and on the face of athymic (nulnu) mice Abscesses also occur in preputial glands, 
which become firm and enlarged to a few millimeters in diameter The highest 
mcidence of preputial gland abscesses is in strain C3H/HeN In strain C57BL/6N, 
the organism has been associated with a syndrome involving self-mutilation of the 
penis 

Pathology. Suppurative inflammation is a hallmark of tissue invasion by S 
aureus In ulcerative dermatitis, there is destruction of the epidermis, and the 
underlying dermis contains pustules, abscesses, and, eventually, chronic or 
granulomatous inflammation. Large numbers of organisms are usually present 
and can be demonstrated readily m Gram-stamed sections or impnnts Pre¬ 
putial abscesses in C3H/HeN mice apparently are caused by ascending infection 
from the ducts of the preputial glands 

Diagnosis. Diagnosis depends on the isolation and identification of S aureus 
and exclusion of other agents (e g, dermatophytes and mites) as possible causes of 
the lesions 

Control. The best methods of control are improved sanitation, frequent 
stenhzation of cages and other equipment, elimination of equipment that could 
cause skin injury, and reduction m the number of animals per cage. 

Interference with Research. S aureus alters host unmune responses (e g., 
activates suppressor B cells) Rats maintained on prolonged immunosuppression 
with corticosteroids can develop S aureus-mdneed renal abscesses 
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StreptobaciUus monihformis 

Agent. Gram-negative bactenum, taxonomy uncertain. 

Animals Affected. Rats Mice, guineapigs, humans, and others can contract the 
infection from rats 

Epizootiology. S moniliformis is a commensal of the nasopharynx in wild and 
conventionally reared laboratory rats It has not been reported m cesarean-denved, 
bamer-maintamed rats or mice Epizootic disease is most likely to occur m mice 
housed near infected rats Transmission is by rat bites, aerosols, and fomites 
Clinical. In rats the infection is subclinical The organism can be isolated from 
the nasopharynx, middle ear, respiratory tract, and subcutaneous abscesses In mice, 
early signs include conjunctivitis, photophobia, cyanosis, diarrhea, anemia, 
hemoglobinuna, emaciation, and high mortality Septicemia clears in survivors in 
a few weeks, but infection persists around the joints for about 6 months During this 
chronic phase of infection, there can be diffuse swellmg and reddenmg of limbs or 
tail, with the development of chronic arthntis, deformity and ankylosis, or ampu¬ 
tation (ectromelia) Spinal lesions, accompanied by postenor paralysis, kyphosis, 
and pnapism, can occur Pregnant females can abort or produce stillborn young. 

Pathology. In mice, early lesions are associated with septicemia, includmg focal 
necrosis of the spleen and liver, splenomegaly, and lymphadenopathy Subsequent 
lesions are pnmanly those of chronic arthntis in vanous stages of development 
and seventy 

Diagnosis. Diagnosis depends on cultural isolation and identification of the 
organism Differential diagnosis should distinguish between S moniliformis-m- 
duced disease and mousepox or bactenal septicemias caused by other organisms 
(e g., Corynebactenum kutscheri, Salmonella enteritidis) 

Control. Cesarean denvation, bamer maintenance, and regular momtonng for 
rodent pathogens by a comprehensive health surveillance program are the best 
methods of control Mice should not be housed in the same room as rats that have 
not been monitored for S moniliformis infection. 

Interference with Research. There have been no reports of mterference with 
the results of research in which rats were used. S moniliformis can cause high mor¬ 
tality in mice and is a senous zoonotic infection in humans * 


♦In humans the incubaUon penod is usually 3-10 days, followed by the abrupt onset of fever, chills, 
vomiting, headache, and myalgia There is a maculopapular rash that is most pronounced on the 
extremities Arthnds occurs m about two-thirds of cases, and other complications such as endocarditis 
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Streptococcus pneumoniae 

Agent. Gram-positive bactenum, farmly Streptoccaceae 

Animals Affected. Only subclinical mfection has been reported in mice 
Disease has been reported occasionally m rats, gumea pigs, and monkeys Humans 
are the mam natural hosts 

Epizootiology. Transmission is mainly by aerosol 

Clinical Signs. Signs mclude dyspnea, weight loss, hunched posture, snuffling 
respiratory sounds, and abdommal breathing Clmical onset can be sudden, and 
young rats are affected most often 

Pathology. Predommant lesions m rats are suppurative rhinitis and otitis media 
The disease often extends into distal airways, causing acute tracheitis and fibnnous 
lobar pneumonia, and mto organs adjacent to the lungs, causing fibnnous pleuntis 
or empyema, fibnnous pencarditis, and/or acute mediastmitis Lesions associated 
with severe bacteremia include suppurative arthntis, menmgitis, hepatitis, splenitis, 
pentomtis, and orchitis Splemc and testicular infarcts can occur Abdominal 
lesions are frequently the primary cause of death 

Diagnosis. Diagnosis is made by isolating the organism from sites with 
charactenstic lesions and excludmg other possible causes and contnbutors to the 
disease 

Control. Cesarean denvation and bamer mamtenance are extremely effective 
methods of control It might be helpful for persormel to wear masks because of the 
high prevalence of the infection in humans 

Interference with Research. S pneumoniae-mductd septicemia alters hepatic 
metabolism, serum biochemistries, and thyroid function Studies mvolvmg the rat 
respiratory tract can be jeopardized 
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Theiler’s Murine Encephalomyelitis Virus 

Agent. RNA virus, family Picomavindae, genus Enterovirus 
Animals Affected. Laboratory mice and rats. The infection has not been 
reported in wild mice or rats 

Epizootiology. The prevalence of Theiler’s munne encephalomyelitis virus 
(TMEV) in mice is generally thought to be very low in barrier breeding colonies in 
the United States Prevalence in laboratory rats is unknown In naturally infected 
mice, there is a low titer of virus m intestinal mucosa, intestinal contents, feces, 
and, less frequently, mesenteric lymph nodes Virus shedding in the feces has been 
documented to occur as long as 154 days postinfection Transmission is by the 
fecal-oral route Transplacental infection does not occur. 

Clinical. Natural infections in mice are usually inapparent and, presumably, are 
caused by less virulent, wild-type strains of TMEV resembling Theiler’s onginal 
(TO) strain of virus Clinical disease appears at a rate of only 1 in 4,000-10,000 
infected animals Affected mice may have flaccid paralysis of one or both rear legs 
There is little or no mortality Signs of infection with a highly virulent strain of 
TMEV in one natural outbreak included circling, rolling, hyperexcitability, convul¬ 
sions, tremors, weakness or flaccid paralysis of the hind legs, and high mortality 
Cinical signs of infection with the MHG strain of TMEV in rats included circling, 
incoordination, tremors, and torticollis 

Pathology. Natural disease in mice results from the rare occurrence of viremia, 
1 e, the dissemination of virus from the intestine to the spinal cord and brain. This 
occurs most frequently around 6-10 weeks of age The predominant lesion is 
poliomyelitis, with necrosis and neuronophagia of anterior horn cells and 
nonsuppurative inflammation composed pnmanly of lymphocytes. Little if any 
secondary demyelination is seen in the natural disease TMEV can be isolated from 
the lesions for at least 1 year 
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Diagnosis. The ELISA is the method of choice for serologic screemng. If the 
HAI test with GDVII antigen and human type O erythrocytes is used, it is essential 
to perform the test at 4°C to avoid false-positive results The CF and serum neutral¬ 
ization tests imght also be useful for some purposes, such comparison of the 
cross-reactivity of TMEV strams The MAP test can be used for screening bio¬ 
logic matenals Defimtive diagnosis usually is made by isolatmg the virus from 
the spinal cords or brains of mice with clinical disease, but it is also possible to 
isolate the virus from the mtestmal contents of mice with asymptomatic infections 
Control. The most practical method of control is to obtain mice from breeding 
populations that have been shown serologically to be free of the infection, followed 
by bamer mamtenance and regular testing to reconfirm TMEV-free status TMEV 
infection has been eliminated from valuable mouse stocks by foster nursing infant 
mice on TMEV-free mice or rats Cesarean denvation is also effective but usually 
is not warranted 

Interference with Research. Indigenous TMEV infections occasionally in¬ 
terfere with studies of other unrelated viruses in mice 
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Thymic Virus, Mouse 

Agent. Considered a herpesvirus because of its ultrastructural features and 
properties of heat and ether lability 

Animals Affected. Wild and laboratory mice 

Epizootiology. Wild mice apparently serve as reservoir hosts Prevalence m 
laboratory mice is unknown, however, limited data suggest natural infections 
might be common Mouse thymic virus (MTV) apparently occurs as a persistent 
subclinical infection m salivary glands, with vims shed in sahva Honzontal 
transmission is most important, but vertical transmission cannot be mled out 
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Clmica] Signs. Natural infections are subclinical 

Pathology. There are no pathologic changes associated with natural infecuons. 
Diagnosis. The ELISA is the most sensitive serologic test, although the IFA and 
CF tests are also in use However, these tests are only useful for screening adult 
mice, neonatally infected mice do not produce serum antibody To detect MTV 
infection in neonatal mice, it is necessary to inoculate pathogen-free neonatal 
rmce with salivary gland homogenate, saliva, or other matenal from the neonatal 
mice to be tested If the test mice are infected with MTV, histologic exammation 
of the thymuses, lymph nodes, and spleens of the pa±ogen-free mice 10-14 days 
postinoculation will disclose lymphoid necrosis and intranuclear inclusions. 
Virus isolation is impossible because no cell culture system is known to support 
Its growth 

Control. No data are available 

Interference with Research. MTV infection might complicate expenments 
involvmg the passage of tissues in neonatal mice 
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DERMATOPHYTES 
Trichophyton spp. and Microsporum spp. 


Agents. Fungi 

Animals Affected. Mice, rats, humans, and numerous other animals. 

Epizootiology. Dermatophytes have not been reported in cesarean-denved, 
baiTier-maintained rodent stocks Other animals are probably the major reservoirs 
of infection for mice and rats The organisms are parasites of keratin, i.e„ hair and 
superficial layers of skin 

Clinical. Infections are rare, and when they do occur, they are usually sub- 
clinical. Clmical disease has been seen mnr#- ---i.-- - 
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Lesions consist of irregularly defined areas of alopecia with a scaly to crusty 
appearance and occasional pustules at the edges Lesions most commonly occur on 
the head near the mouth and eyes, but they can be found anywhere on the body 
Pathology. Uncomplicated lesions are very subtle, microscopic examination 
reveals only thickening of the stratum comeum in sections stained with hematoxylin 
and eosm Special stams such as penodic acid-Schiff or Gndley’s fungus stain are 
valuable in demonstrating the orgamsms. 

Diagnosis. If mfection is suspected in asymptomatic animals, several animals 
should be held over opened plates of culture medium while the fur is brushed The 
plates should then be cultured for dermatophytes. In clinical cases, the hair should 
be plucked or skm scrapings should be taken from the penphery of the lesions and 
mounted onto slides m 10% potassium hydroxide for visualization of hyphae and 
endospores Definitive diagnosis is dependent on culture and identification of the 
organisms by usmg Sabouraud’s or other dermatophyte mediums 

Control. Where feasible, infected stocks should be destroyed and replaced by 
dermatophyte-ffee stock after thorough sterilization and dismfection of the facili¬ 
ties and equipment Treatment of affected animals is not recommended For 
prevention of infection, bamer maintenance appears to be effective Rodents should 
be housed well away from laboratory animal species known to be more frequently 
infected (e g , cats and dogs) Dermatophyte infections of mice and rats are rare in 
contemporary stocks and, therefore, do not represent important zoonoses 
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COMMON ECTOPARASITES 
Myohia musculi 
Agent. Fur mite, order Acanna 

Life Cycle. Myobia musculi has egg, larval, nymphal, and adult stages Eggs are 
oval, about 200 jim long, and usually found either attached to the base of hairs nr 
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inside mature females Eggs hatch m about 7 days, and completion of the entire life 
cycle requires about 23 days 

Animals Affected. Mice and rarely rats and other laboratory rodents 
Epizootiology. Mites can be seen anywhere on the body but are most numerous 
alongside the hair bases in the more densely furred parts of the body (i e, over the 
head and back) Transmission is by direct contact The dynamics of mite popula¬ 
tions on a host are very complex and are mfluenced by factors that include 
grooming, strain susceptibility, and host immune responses Athymic (nuinu) and 
other furless nuce are not susceptible to infestation 

Clinical. The general appearance of infested mice is not directly related to 
the size of the mite population Infestations are commonly subclmical Chnical 
signs include scruffiness, pruntis, patchy alopecia, self-trauma, ulceration of the 
skin, and pyoderma Close inspection often reveals bran-like hyperkeratotic debns 
and mites on the skin around the base of the hairs 

Pathology. Mice of the C57BL strams and their congeneic sublmes are 
particularly susceptible to severe M musculi-xt\ 2 A&d skin disease Lesions vary 
from mild to severe Initially there is mild hyperkeratosis, but this often progresses 
to severe hyperkeratosis with fine bran-like matenal on the skm over virtually all 
of the body but particularly abundant over the dorsum, head, and shoulders In more 
advanced cases, there is patchy alopecia and chronic ulcerative dermatitis most 
frequently distributed asymmetncally in the shoulder and neck regions Second¬ 
ary bactenal infection commonly leads to suppurative and granulomatous m- 
flammation Hyperplasia of regional lymph nodes, splemc lymphoid hyperplasia, 
and increased serum immunoglobulms are common 

Diagnosis. Diagnosis requires demonstration and identification of mites, while 
excluding other causes of dermatitis such as fiingi (nngworm) or Staphylococcus 
aureus Mites can be demonstrated by using a stereoscopic rmcroscope or hand lens 
to examine the pelage, particularly over the back and head Alternatively, mice can 
be killed and placed either on black paper and left at room temperature or in tape- 
sealed Petn dishes and refrigerated for an hour As the body cools, the mites leave 
it and can be collected from the paper or Petn dish The mites are mounted under 
a coverslip on glass slides with immersion oil and identified rmcroscopically on the 
basis of anatomic features 

Control. Cesarean denvation and bamer mamtenance are the most effective 
methods for eradication of mite infestations Insecticides can be used, but they may 
alter experimental results 

Interference with Research. Behavioral patterns are likely to be altered by 
hypersensitivity to these mites Secondary amyloidosis caused by chrome mfes- 
tation can interfere with research results. 
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Myocoptes muscuUnus and Radfordia affinis 
Agent. Mites, order Acarma 

Pathology. M musculinus causes lesions similar to, but usually milder than, 
those caused by Myobia musculi R affinis is not a significant pathogen 

Interference with Research. Mite infestations due to Af musculinus\i 2 L\tht^\\ 
reported to reduce the contact sensitivity of mice to oxazolone 
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Other Ectoparasites 

For more in-depth coverage or information on less common ectoparasites of 
mice and rats, consult comprehensive reference works on the subject 
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ENDOPARASITES 

Aspiculans tetraptera (Mouse Pinworm) 

Agent. Roundworm, order Ascanda, suborder Oxyurma 
Life Cycle. Direct, requires 23-25 days The adults reside in the colon. Females 
lay their eggs in the colon, and the eggs subsequently leave the host on fecal pellets 
The eggs become infective after 6-7 days at room temperature Transmission occurs 
when the infective eggs are ingested by another host. The eggs hatch in the colon, 
where the larvae develop to maturity, and the cycle begins again 
Animals Affected. Mice, rats (rarely), and wild rodents 
Epizootiology. A tetraptera inhabits and lays eggs in the colon The eggs 
survive for weeks in animal room environments 
Clinical. Infections are subclinical 
Pathology. A tetraptera is not considered pathogenic. 

Diagnosis. Diagnosis is made by demonstration of distinctive eggs by fecal 
flotation (the cellophane tape method is of no value) and by demonstration and 
identification of the adult worms in the colon at necropsy 

Control. Cesarean denvation and bamer mamtenance are effective Infection 
can be controlled to some extent by using hygienic methods, such as frequent cage 
and room sanitization Cage-to-cage transmission can be prevented by using filter- 
top cages Several anthelminthics are effective in eliminating a high percentage 
of adult worms, but many are inefficient m clearmg immature worms or eggs. 
Interference with Research. See Syphacia obvelata (p 66) 

Suggested Reading 

Flynn, R J 1973 Nematodes Pp 203-320 m Parasites of Laboratory Animals Ames, 
Iowa Iowa State University Press 

Hsu, C-K 1979 Parasitic diseases Pp 307-331 in The Laboratory Rat Vol I Biology 
and Diseases, H J Baker, J R Lindsey, and S H Weisbroth, eds New Yoik. Aca¬ 
demic Press 

Wescott, R B 1982 Helminths Pp 374-384 m The Mouse in Biomedical Research Vol 
n. Diseases, H L Foster, J D Small, and J G Fox, eds New York Academic Press 


Entamoeba muris 

Agent. Protozoan, order Amoebida, family Entamoebidae 
Life Cycle. Direct Trophozoites, which inhabit the cecum and colon, form cysts 
that are passed m the feces Transmission is by ingestion of cysts. 

Animals Affected. Mice, rats, hamsters, and other rodent species 
Epizootiology. Trophozoites are most commonly found at the interface between 
the fecal stream and the intestinal epithelium m the cecum and colon Cysts are 
resistant to environmental conditions 
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Clinical. Infection is subclimcal 
Pathology. The organism is nonpathogenic 

Diagnosis. Diagnosis is made by demonstrating cysts in the feces or trophozoi¬ 
tes m wet mounts of intestinal contents from the cecum or colon In sections stained 
by hematoxylin and eosm, the trophozoites usually have a distinct magenta-stained 
nucleus and violet-stained cytoplasm that can appear vacuolated The outer cell 
membrane of the trophozoites is usually distinctly visible 

Control. Entamoeba mans can be elinunated by cesarean den vation and bamer 
maintenance, however, infection with this agent is generally considered inconse¬ 
quential, and control measures are usually not necessary 

Interference with Research. There have been no reports of interference with 
research results 
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Giardia muris 

Agent. Flagellated protozoan, order Diplomonadida, family Hexamitidae, 
subfamily Giardinae. 

Life Cycle. Direct Trophozoites reproduce by longitudinal fission and form 
cysts that are passed m the feces Transmission is by ingestion of cysts The minimal 
mfectious dose for a mouse is approximately 10 cysts 

Animals Affected. Mice, rats, hamsters, humans, and many other species 
Epizootiology. Trophozoites colonize the proximal one-fourth of the small 
mtestme, where they are found mainly adhering to columnar cells of the villi and 
free m the adjacent mucous layer The number of trophozoites in the small intes¬ 
tine correlates directly with the number of cysts m the large mtestme and feces 
Cysts are resistant to most environmental conditions but are inactivated by treat¬ 
ment with a 2 5% phenol solution and by temperatures above 50°C 

Clinical. Infections in mice and rats are usually subclimcal but can cause 
reduced weight gam, rough hair coats, and enlarged abdomens Infection may be 
associated with morbidity and mortality m athymic (nulnu) and other 
immunocompromised mice 

Pathology. Pathogenesis has been studied most extensively m mice The acute 
phase of infection mvolves the proliferation of trophozoites m the small intestine, 
with the peak penod of cyst release occurring durmg the second week of infection 
In the elimmation phase, cysts released in the feces are reduced to undetectable 
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levels Resistant strains, including DBA/2, B10 A, C57BL/6, BALB/c, and SJL/J, 
eliminate the infection in 5 weeks Susceptible strains and stocks, including C3H/ 
He and A/J and outbred Crl ICR (CD®-1), require 10 weeks to eliminate the 
infection Highly susceptible athymic (nulnu) mice have prolonged infections 
Resistance dunng the acute phase of infection is thought to be controlled by several 
genes not linked to the H-2 locus, while resistance dunng the elimination phase is 
mhented as a dominant trait Protective immunity is probably dependent on both 
antibody- and cell-mediated mechanisms The milk of immune mice contains both 
IgA and IgG antibodies against Giardia muris and conveys passive protection In 
uncomplicated G muris infection, morphological changes in the small intestme are 
usually mmimal The villus to crypt ratio may be reduced, and vanable numbers of 
lymphocytes may be present. 

Diagnosis. Infection by other possible primary or contnbuting pathogens must 
be excluded The organism is diagnosed histologically by identifying character¬ 
istic “monkey-faced” trophozoites in sections of the small mtestine Trophozoites 
also can be recognized in wet mounts of intestmal contents by their charactenstic 
shape and their rolling and tumbling motion. Cysts can be demonstrated m wet 
mounts of feces 

Control. The most practical approach to controllmg infecuon is to procure 
rodents from breeding populations shown by health surveillance testing to be free 
of G muris and to maintain them m a bamer facility. Cesarean denvation is re¬ 
quired to eliminate the parasite from infected stocks Metronidazole can be used 
for treatment of infected animals but does not completely eradicate infection 

Interference with Research. Infection with G muris can increase the seventy 
and mortality of wasting syndrome (presumably caused by mouse hepatitis virus) 
in athymic (nuinu) mice The organism causes a transient reduction in 
immunoresponsiveness of mice to sheep erythrocytes dunng the second and third 
weeks of infection It also alters intestinal fluid accumulation and mucosal im¬ 
mune responses caused by cholera toxin in mice 
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Hymenolepis nana 

Agent. Tapeworm, order Cyclophyllidea, family Hymenolepidae 

Life Cycle. Direct or mdirect The life cycle includes adult, egg (with embryo 
or oncosphere), and larval (cercocystis) stages In direct transmission, eggs hatch 
in the small mtestme Larvae penetrate and develop as cercocystis in the mtestin- 
al vilh, then return to the lumen to become mature adults The cycle requires only 
1-16 days In indirect transmission, the eggs are ingested by an arthropod intermedi¬ 
ate host such as a flour beetle, and the cercocystis develops m the intestine of the 
beetle The mtermediate host is eaten by the definitive host, and adult H nana 
develop in the lumen of the small intestine The entire life cycle by indirect 
transmission requires 20-30 days 

Animals Affected. Mice, rats, hamsters, other rodents, nonhuman pnmates, 
and humans. 

Epizootiology. Weanling and young adult rodents are most frequently infected 
The duration of mfecUon by adult worms in the small intestine is usually only a few 
weeks. 

Clinical. Most infections are subclinical Severe infections have been reported 
to cause retarded growth and weight loss m mice and intestinal occlusion, intestin¬ 
al impaction, and death m hamsters 

Pathology. Presence of adult worms m the small mtestme is usually associated 
with mild ententis Larval stages occasionally reach the lymph nodes, liver, or lung, 
where they incite a granulomatous inflammatory response 

Diagnosis. Diagnosis is made by demonstration and identification of adult 
tapeworms m the small mtestme. Eggs can be demonstrated m feces Also, 
histologic sections occasionally are successful m demonstrating the cercocystis 
m intestinal viUi and lymph nodes 

Control. The most practical method of control is to obtain rodents from stocks 
demonstrated to be free of// nana Cesarean denvation and bamer maintenance are 
the most effective methods for elimmatmg infection 

Interference with Research. H nana is a potential zoonotic mfection to 
humans It can mterfere with studies mvolvmg the mtestmal tract 
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Spironucleus muris 

Agent. Flagellated protozoan, order Diplomonadida, faimly Hexamitidae, 
subfamily Hexamitinae Formerly called Hexamita muris 

Life Cycle. Direct Trophozoites reproduce by longitudinal fission and form 
highly resistant cysts The minimal mfectious dose for a mouse is one cyst 
Animals Affected. Mice, rats, and hamsters 

Epizootiology. Two- to 6-week-old mice are most susceptible to infection with 
S muris Trophozoites usually inhabit the crypts of Lieberkuhn in the small 
intestine, but in young animals the lumen can also contam large numbers of troph¬ 
ozoites. In older mice and in rats there are very few trophozoites, and those that are 
present can be found only in glands of the gastnc pylons Transmission is by 
ingestion of cysts that are shed m the feces. The greatest numbers are shed by young 
or immunocompromised hosts Cysts are inactivated by some disinfectants and 
high temperature (45°C for 30 minutes) but are highly resistant to most other 
environmental conditions. Infectivity is retained for 6 months at -20°C, for 1 day 
at pH 2 2, for 14 days at room temperature, or for 1 hour m 0 1 % glutaraldehyde 
Clinical. Infection is usually subclinical in immunocompetent hosts In athy- 
mic (nu/nu) and lethally irradiated mice, S muris infection has been associated 
with severe chronic enteritis with weight loss. 

Pathology. After ingestion of cysts, trophozoite (and cyst) numbers m the 
intestines of immunocompetent rodents peak at 1-2 weeks and dechne to low 
numbers by 4-5 weeks in BALB/c mice, 7-9 weeks m CBA, SJL/J, and C3H/He 
mice, and 13 weeks in A and B B10 mice Numbers m ath 3 miic (nuinu) mice persist 
indefimtely at high levels In severe infections, the small intestine may appear 
reddened and contain watery fluid and gas Smears of the mtestinal contents con¬ 
tain numerous motile trophozoites, and cysts can be demonstrated m the cecum 
and colon The best indicator of S muris mfection m hematoxylin and eosin-stained 
sections of the small intestine is distension of the crypts of Lieberkuhn by masses 
of granular-appeanng trophozoites. Trophozoites can cause shortemng of micro¬ 
villi on the crypt epithelium and increased turnover of enterocytes There is usual¬ 
ly little or no inflammatory response m immunocompetent animals, but heavily 
parasitized, immunodeficient animals can have moderate to severe enteritis. 

Diagnosis. Other possible causes of digestive tract disease (e g, enterotrophic 
strams of mouse hepatitis virus) must be ruled out Charactenstic trophozoites can 
be demonstrated in the contents of the small mtestme, or cysts can be demonstrated 
in the contents of the large intestine or feces usmg wet mounts under reduced light. 
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For routine health surveillance that includes histopathology, the examination of 
multiple histologic sections of the small mtestine and gastnc pylorus is probably 
supenor to other methods because there may be very few parasites present, and 
they may be locahzed in distnbudon Trophozoites can be stamed by silver or 
penodic acid-Schiff methods 

Control, Cesarean denvation and bamer maintenance are recommended for 
control of the organism. Treatment of mice with 0 04-0.1% dimetndazole m 
dnnbng water for 14 days can ameliorate climcal signs but does not completely 
eliminate the infection. 

Interference with Research. S muris can mcrease the seventy and mortality 
of the wasting syndrome (presumably due to mouse hepatitis virus) in athymic 
(nuinu) mice S muris has been reported to mcrease mortality m cadmium-treated 
mice, alter macrophage function, reduce spleen plaque-formmg cell responses to 
sheep erythrocytes, reduce lymphocyte responsiveness to mitogens such as 
phytohemagglutinin, concanavalm A, and pokeweed mitogen, and alter im¬ 
mune responsiveness to tetanus toxoid and type 3 pneumococcal polysacchande 
Whole-body irradiation increases susceptibility to S mans infection and disease 
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Syphacia obvelata (Mouse Pinworm) and 
Syphacia muns (Rat Pinworm) 

Agents. Roundworms, order Ascanda, suborder Oxyunna 
Life Cycle. Direct; requires only 11-15 days for completion Gravid females 
migrate from the large mtestme to the penanal area, deposit their eggs, and then die 
Eggs become mfective m about 6 hours Followmg mgestion by another host, eggs 
hatch m the small mtestme, and the larvae reach the cecum m 24 hours The parasites 
spend 10-11 days m the cecum where they mature and mate, thus contmuing the 

nvHp 
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Animals Affected. Laboratory mice, rats, hamsters, gerbils, and wild rodents 
Epizootiology. Adults are found pnmanly in the cecum and colon of infected 
hosts Eggs are efficiently disseminated from the penanal area of the host mto the 
cage and room environments The eggs can survive for weeks under most ammal 
room conditions Transmission is by ingestion of embryonated eggs. 

Clinical. Infections caused by Syphacia spp alone are subclimcal 
Pathology. Pinworms of laboratory rodents are generally not considered 
pathogens Pmworm burden m an infected rodent population is a function of age, 
sex, and host immune status In enzootically infected colomes, weanling ammals 
develop the greatest parasite loads, males are more heavily parasitized than females, 
and Syphacia numbers dimmish with increasing age of the host Athyimc (nuinu) 
mice have increased susceptibility to pmworm infection 

Diagnosis. Diagnosis is made by demonstrating eggs on the penanal region 
using the cellophane tape technique or by finding adult worms m the cecum and 
colon at necropsy 

Control. Cesarean denvation and bamer maintenance are effective methods of 
control Hygienic methods, including frequent cage and room samtization, can aid 
in controlling Syphacia m an infected rodent population Cage-to-cage transmission 
can be prevented by using filter-top cages Several anthelmmthics are effective in 
elimmatmg a high percentage of adult worms but are inefficient m cleanng 
immature worms or eggs 

Interference with Research. Pmworm infections m rats have been reported to 
reduce the occurrence of adjuvant-induced arthntis 
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Trichomonas muris 

Agent. Ragellated protozoan, order Tnchomonadida 

Life Cycle. If a cyst stage exists, transmission is probably primarily by ingestion 
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Animals Affected. Mice, rats, hamsters, and other rodents 
Epizootiology. Trophozoites are found throughout the fecal mass in the cecum 
and colon 

Clinical. Infections are subclimcal 
Pathology. T muris is considered a commensal. 

Diagnosis. Diagnosis is by demonstration of trophozoites in wet mounts of 
contents from the cecum or colon T muris has charactenstic wobbly or jerky 
movements Trophozoites are found dispersed throughout the fecal stream in 
histologic sections of the cecum or colon prepared without disturbing the luminal 
contents In hematoxylm and eosm-stamed sections, the nucleus stains poorly, the 
nuclear membrane is indistinct, and the cell wall often appears wnnkled or folded 
upon Itself 

Control. Control measures are usually not necessary 
Interference with Research. There have been no reports of interference with 
research results 
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Other Endoparasites 

Numerous other endoparasites have been reported m wild mice and rats and are 
encountered occasionally in laboratory animals mamtamed by conventional methods 
For information, comprehensive works on endoparasites should be consulted. 
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PART in 


Diagnosis and 
ResearchComplications of 
Infectious Agents 


INTRODUCTION 

Part III IS intended to serve as an index for diagnostic problem solving in 
situations for which infectious agents of mice and rats may be responsible Three 
index categones, climcal signs, pathology, and research complications, are listed in 
alphabetical order When a problem suspected of being caused by an mfectious 
agent is encountered, one or more of these lists should be consulted to identify 
quickly the most likely causative agent(s) One should then consult the informa¬ 
tion in Part n on the most likely candidate agents to narrow the list of possible 
causes and to devise further testmg to make the definitive diagnosis Once the 
precise cause(s) is known, specific corrective measures can be implemented 



DIAGNOSIS AND RESEARCH COMPLICATIONS OF INFECTIOUS AGENTS 


71 


CLINICAL SIGNS 


Abdominal Enlargement 
Kilham rat virus 
Leukemia viruses, munne 
Lymphocytic chonomeningitis virus 

Abortions and Stillbirths 

Streptobacillus moniliformis 

Abscesses 

Cervical 

Pasteurella pneumotropica 
Facial, orbital, and tail 
Staphylococcus aureus 
Preputial gland 

Pasteurella pneumoti opica 
Staphylococcus aureus 

Alopecia 

(See Dermatitis and Alopecia) 

Amputations, Necrotic, of Limbs or Tails 
Corynebactenum kutscheri 
Ectromelia virus 
Mycoplasma arthntidis 
Ringtail 

Streptobacillus moniliformis 

Annular Constnctions of Tail 
Ringtail 

Anorexia 

Corynebactenum kutscheri 
Ectromelia virus 

Ataxia 

Kilham rat virus 

Athymic {nufnu) Mice, More Susceptible 
than Immunocompetent Mice to 
Cytomegalovirus, mouse 


Giardia muns 
Hepautis virus, mouse 
Pneumocystis carmii 
Pneumonia virus of mice 
Polyoma virus 
Sendai virus 
Spironucleus muns 
Staphylococcus aureus 
Syphacia spp 

Athymic (nulnu) Mice, Equally or Less 

Susceptible than Immunocompetent Mice to 
Bacillus piliformis 
Lymphocytic chonomemngius virus 
Mycoplasma pulmonis 
Reovirus-3 

Streptococcus pneumoniae 

Athymic inuinu) Mice, Not Susceptible to 
Myobia musculi 
Myocoptes musculinus 

Birth Weight Reduced 
Salmonella enteritidis 
Sendai virus 

Cervical Edema 

Sialodacryoademtis virus 

Chattering (Mice) 

Mycoplasma pulmonis 
Sendai virus 

Circling (or Rollmg) 

Kilham rat virus 
Pseudomonas aeruginosa 
Streptobacillus moniliformis 
Theiler’s virus 

Conjunctivitis 
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Pasteurella pneumotropica 
Salmonella ententidis 
Sialodacryoadenitis virus 
Staphylococcus aureus 
Streptobacillus moniliformis 

Convulsions 
Theiler’s virus 

Corneal Ulceration 

Sialodacryoadenitis virus 

Cyanosis 

Salmonella ententidis 
Streptobacillus moniliformis 

Deaths, High Mortality 
(greater than 50%) Possible 
Bacillus piliformis 
Citrobacter freundii (Biotype 4280) 
Ectromeha virus 

Hepatitis virus, mouse (infant mice) 
Salmonella ententidis 
Streptobacillus moniliformis 
Theiler’s vims 

Deaths in Neonates 
Hepatitis vmis, mouse 
Sendai vims 

DeathsUnlikely 
(m uncomplicated infections) 
Adenovimses, mouse 
Aspicularis tetraptera 
Coronavims, rat 
Cytomegalovims, mouse 
Encephalitozoon cuniculi 
Entamoeba muris 
Giardia muris 
Hantavimses 
Hymenolepis nana 
H-1 vims 

Lactic dehydrogenase-elevatmg virus 
Minute virus of mice 
Mycoplasma arthritidis 


Pasteurella pneumotropica 
Pneumocystis cannii 
Pneumonia vims of mice 
Polyoma vims 
Pseudomonas aeruginosa 
Radfordia afpnis 
Sialodacryoadenitis vims 
Spironucleus muris 
Syphacia spp 
Theiler’s vims 
Thymic vims, mouse 
Tritnchomonas muris 

Deaths, Usually Low Mortality 
Corynebacterium kutschen 
Hepatitis vims, mouse 
Kilham rat vims 

Lymphocytic chonomeningitis vims 
Mycoplasma pulmonis 
Rotavims, mouse 
Salmonella ententidis 
Sendai vims 

Streptococcus pneumoniae 

Dehydration 
(See Diarrhea) 

Dermatitis and Alopecia 
Due to Infectious Agents 
Dermatophytes (fungi) 
Ectromeha vims 
Myobia musculi 
Myocoptes musculinus 
Pasteurella pneumotropica 
Papule vims, mouse 
Staphylococcus aureus 
Due to Noninfectious Causes 
Bite (fight wounds) 

“Whisker tnmming” (“hair 
nibbhng,” “barbenng”) 

Diarrhea 

Bacillus piliformis 

Citrobacter freundii (Biotype 4280) 
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Giardia muris (evidence uncertain) 
Hepatitis virus, mouse (infant mice) 
Reovirus-3 (evidence uncertain) 
Rotavirus, mouse (mfant mice) 
Salmonella enteritidis 
Spironucleus mans (evidence uncertain) 

Dyspnea 

Cilia-associated respiratory bacillus 
Corynebacterium kutscheri 
Leukemia virus, murme 
Mycoplasma pulmonis 
Sendai virus 

Streptococcus pneumoniae 
Emaciation 

Lymphocytic chonomenmgitis virus 
Salmonella enteritidis 
Streptobacillus moniliformis 

Facial Abscesses 

Staphylococcus aureus 

Facial Edema 
Ectromelia virus 

Gestation Prolonged 
Sendai virus 

Growth Retardation 

Cilia-associated respiratory bacillus 
Citrobacterfreundii (Biotype 4280) 
Hymenolepis nana 
Kilham rat virus 

Lymphocytic chonomenmgitis virus 
Mycoplasma pulmonis 
Reovirus-3 (evidence uncertain) 

Sendai virus 

Sialodacryoadenitis virus 
Head Tilt 

Mycoplasma pulmonis 
Pseudomonas aeruginosa 
Theiler*s virus 


Hemoglobmuna 

Streptobacillus moniliformis 

Hunched Posture 

(See Reluctance to Move) 

Hyperexcitability 
Theiler’s virus 

Inapparent Infections (Agents that 
usually cause subclimcal or latent 
infections under natural conditions) 
Adenoviruses, mouse 
Aspicularis tetraptera 
Bacillus piliformis 
Corynebacterium kutschen 
Cytomegalovirus, mouse 
Dermatophytes 
Encephalitozoon cuniculi 
Entamoeba muris 
Giardia muris 
Hantaviruses 
Hepatitis virus, mouse 
Hymenolepis nana 
Kilham rat vuais 

Lactic dehydrogenase-elevatmg virus 
Lymphocytic chonomenmgitis virus 
Mammary tumor vuus, mouse 
Minute virus of mice 
Rotavirus, mouse 

Jaundice 

Hepatitis virus, mouse (athymic mice) 

Kilham rat virus 

Reovirus-3 (evidence uncertain) 

Keratoconus 

Sialodacryoademtis virus 
Kyphosis 

Streptobacillus moniliformis 

Litter Size Reduced 
Kilham rat virus 
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Salmonella enteritidis 
Sendai virus 

Lymphadenopathy, Peripheral 
Leukemia viruses, mouse 
Myobia musculi 
Myocoptes musculinus 

Mastitis 

Pasteurella pneumotropica 

Ocular Discharge 

Sialodacryoademtis virus 

Pallor (Anemia) 

Streptobacillus moniliformis 

Panophthalmitis 

Pasteurella pneumotropica 

Papular Rash 
Ectromeha virus 

Paralysis of Rear Legs 

Lactic dehydrogenase-elevating vuiis 
(m C58 and AKR mice) 
Polyomavmis [m athymic (nulnu) mice] 
Streptobacillus moniliformis 
Theiler*s vmis 

Photophobia 

Sialodacryoademtis virus 
Streptobacillus moniliformis 

Pododermatitis 

Staphylococcus aureus 

Polypnea 

Cilia-associated respiratory bacillus 
Corynebacterium kutschen 
Mycoplasma pulmonis 
Streptococcus pneumoniae 

Pnapism 

Streptobacillus moniliformis 


Pruntis 

Dermatophytes (fungi) 

Myobia musculi 
Myocoptes musculinus 
Staphylococcus aureus 

Rectal Prolapse 

Citrobacterfreundii (Biotype 4280) 
Syphacia spp (evidence uncertain) 

Reluctance to Move (Animals often 
sit in hunched posture and have 
ruffled coats) 

Bacillus piliformis 
Ectromeha virus 

Lymphocytic chonomeningitis virus 
Mycoplasma pulmonis 
Salmonella enteritidis 

Respiratory Rales 

Cilia-associated respiratory bacillus 
Corynebacterium kutschen 
Mycoplasma pulmonis 
Streptococcus pneumoniae 

Ruffled Hair Coat 

(See Reluctance to Move) 

Runtmg 

(See Wasting Syndrome) 

Scrotal Cyanosis 
Kilham rat vuns 

Self-Mutilation of Penis 
Staphylococcus aureus 

Skm Ulceration 

Dermatophytes (fungi) 

Myobia musculi 
Myocoptes musculinus 
Staphylococcus aureus 

Sneezing 

Klebsiella pneumoniae 
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Mycoplasma pulmonis 
Sialodacryoademtis virus 

Snuffling 

Cilia-associated respiratory bacillus 
Mycoplasma pulmonis 
Sendai virus 

Sialodacryoademtis virus 
Streptococcus pneumoniae 

Stunted Growth 
(See Growth Retardation) 

Subcutaneous Mass 

Mammary tumor virus, mouse 

Swelling (Edema) 

Feet and tail 

Ectromelia virus 
Ringtail 

Streptobacillus moniliformis 
Neck 

Sialodacryoademtis virus 


Swollen, Reddened Joints 
Corynebacterium kutschen 
Mycoplasma arthritidis 
Streptobacillus moniliformis 

Tremors 

Theiler’s virus 

Wasting Syndrome 

Hepatitis virus, mouse [athymic 
{nu/nu) mice] 

Polyoma virus [athymic {nujnu) 
mice] 

Weight Loss 

Citrobactef freundii (Biotype 4280) 
Corynebacterium kutschen 
Hymenolepis nana 
Kilham rat virus 
Mycoplasma pulmonis 
Salmonella enteritidis 
Sialodacryoademtis virus 
Streptococcus pneumoniae 
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PATHOLOGY 


Abscesses 

Cervical lymph nodes 

Pasteurella pneumotropica 
Face, orbits, and tail 
Staphylococcus aureus 
Kidney 

Corynebactenum kutscheri 
Liver 

Bacillus piliformis 
Cojynebacterium kutscheri 
Lung 

Cilia-associated respiratory bacillus 
Mycoplasma pulmonis 
Preputial glands 

Pasteurella pneumotropica 
Staphlococcus aw eus 

Age-Dependent Poboencephalomyelitis 
Lactic dehydrogenase-elevating virus 

Alopecia 

(See Dermatitis and Alopecia) 

Amputations, Necrotic, of Limbs or Tails 
Corynebactenum kutscheri 
Ectromelia virus 
Mycoplasma arthritidis 
Rmgtail 

Streptobacillus moniliformis 
Amyloidosis 
Myobia musculi 

Anemia 

Leukemia viruses, munne 
Streptobacillus moniliformis 

Ankylosis 

Streptobacillus moniliformis 
Arthntis 

Corynebactenum kutscheri 


Mycoplasma arthntidis 
Mycoplasma pulmonis [athymic 
(nuinu) mice] 

Streptobacillus moniliformis 
Ascites 

Encephalitozoon cuniculi 
Lymphocytic chonomenmgitis virus 

Atelectasis (Lung) 

Cilia-associated respiratory bacillus 
Mycoplasma pulmonis 
Sendai virus 

Brain 

Cerebellar hypoplasia 
Kilham rat virus 
Choroiditis 

Lymphocytic choriomeningitis virus 
Ependymitis 

Lymphocytic chonomenmgitis vuiis 
Glial nodules 

Encephalitozoon cuniculi 
Hemorrhage 

Kilham rat vmis 
Intranuclear inclusions 
Kilham rat virus 
Leptomenmgitis 

Encephalitozoon cuniculi 
Lymphocytic chonomenmgitis vuiis 
Streptococcus pneumoniae 
Syncytial giant cells 
Hepatitis virus, mouse 

Bronchiectasis and Bronchiolectasis 
Cilia-associated respu*atory bacillus 
Mycoplasma pulmonis 

Bronchiolar Scamng 

Ciha-associated respiratory bacillus 
Sendai virus 
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Bronchiolitis Obliterans 

Cilia-associated respiratory bacillus 

Cell Fragment Thrombi 
Salmonella enteritidis 

Cerebellar Hypoplasia 
Kilham rat virus 

Colon and Cecum 
Cecocolms 

Bacillus piliformis 
Colomc hyperplasia 

Citrobacter freundii (Biotype 4280) 
Goblet cell hyperplasia 

Citrobacter freundii (Biotype 4280) 
Helminth parasites 
Aspicularis tetraptera 
Syphacia spp 
Hyperplastic t3q5hlocolitis 

Hepatitis virus, mouse [athymic 
(nuinu) mice] 

Protozoan parasites 
Entamoeba muris 
Tritrichomonas muris 

Cutaneous Papules, Erosions or 

Encrustations 
Ectromelia virus 

Demyelination and Remyelmation 
Theiler’s virus 

Dermatitis and Alopecia 
(See Climcal Signs above) 

Ear 

Otitis interna 

Mycoplasma pulmonis 
Pseudomonas aeruginosa 
Streptobacillus moniliformis 
Odtis media 

Cilia-associated respiratory bacillus 

A4'\}f*nnJnvmn nutmnnic 


Pasteurella pneumotropica 
Pseudomonas aeruginosa 
Streptococcus pneumoniae 

Ectromelia (See Amputations, Necrotic, 
of Lrnibs or Tails) 

Empyema 

Streptococcus pneumoniae 

Encephalitis 

Granulomatous 

Encephalitozoon cuniculi 
Hemorrhagic 
Kilham rat virus 
Nonsuppurative 

Hepatitis virus, mouse 
(See also Polioencephalomyelitis) 

Encephalomyelitis 

(See Pohoencephalomyelitis) 

Endometritis 

Mycoplasma pulmonis 

Eosmophilic Crystals m Lung 
Sendai virus 

Eye (conjunctivitis, corneal ulceration, 
hyphema, hypopyon, keratitis, 
keratoconus, lenticular degeneration, 
megaloglobus, pannus, retmal 
degeneration, synechia) 
Sialodacryoademus virus 

Fetal Resorption 
Kilham rat virus 
Sendai virus 

Streptobacillus moniliformis 

Glial Nodules, Bram 

Encephalitozoon cuniculi 
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Glomenilonephntis 

Embolic 

Corynebactenum kutscheri 
Immune complex 

Lactic dehydrogenase-elevatmg virus 
Lymphocytic chonomeningitis virus 

Heart 

Myocarditis 

Bacillus piliformis 
Pencarditis 

Streptococcus pneumoniae 

Hemoglobinuria 

Streptobacillus moniliformis 

Hemorrhage 

Central nervous system, 
epididymis, and testes 
Kilham rat virus 
Jejunum 

Ectromelia virus 
Peyers patches 
Ectromelia virus 

Hemorrhagic encephalopathy 
Kilham rat virus 

Hepatic Necrosis 
Bacillus piliformis 
Corynebactenum kutscheri (mice) 
Hepatitis virus, mouse 
Kilham rat virus 

Lymphocytic chonomemngitis virus 
Mousepox virus 

Reovirus-3 (evidence uncertam) 
Salmonella entei itidis 
Streptobacillus moniliformis 

Hepatitis, Bactenal 

Streptococcus pneumoniae 

Hypersensitivity, Cutaneous 
Myobia musculi 


Myocoptes musculinus 
Staphylococcus aureus 

Immune Complex Glomenilonephntis 
Lactic dehydrogenase-elevating virus 
L 3 anphocytic chonomemngitis virus 

Inclusions 

Intracytoplasmic (skin) 

Ectromelia virus 

Intracytoplasmic and intranuclear 
(bronchi, ureters, and renal pelvis) 
Polyoma virus [athymic (nufnu) 
mice] 

Intranuclear 

Hardenan gland 

Sialodacryoadenitis virus 
Intestinal mucosa 

Adenovirus, mouse (MAd-2) 
Salivary gland 
Cytomegalovirus, mouse 
Thymus 

Thymic virus, mouse 

Infarcts 

Central nervous system, epididymis, 
and testes 

Kilham rat virus 
Spleen and testes 

Streptococcus pneumoniae 

Intestine, Small 
Bluntmg of villi 
Bacillus piliformis 
Hepatitis virus, mouse 
Rotavirus, mouse 
Ententis 

Adenovirus, mouse (MAd-2) 
Bacillus piliformis 
Giardia muris 
Hepatitis virus, mouse 
Hymenolepis nana 
Reovirus-3 (evidence uncertam) 
Salmonella entermdi^ 
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Spiromcleus mans 
Ententis with ulceration 
Hepatitis virus, mouse 
Ententis with ulceration and 
hemorrhage 

Bacillus piliformis 
Citrobacterfreundii (Biotype 4280) 
Ectromelia virus 
Helminth parasite 
Hymenolepis nana 
Ileocecocolitis 

Bacillus piliformis 
Citrobacter freundii (Biotype 4280) 
Salmonella enteritidis 
Protozoan parasites 
Giardia mui is 
Spironucleus muris 
Syncytial epithelial giant cells 
Hepatitis virus, mouse 

Keratitis 

Sialoaciyoadenitis virus 
Kidney 

Cortical pitting and scamng 
Encephalitozoon cuniculi 
Nephntis 

Corynebacterium kutscheri 
Encephalitozoon cuniculi 
Protozoan parasite 

Encephalitozoon cuniculi 

Lacnmal Glands (daciyoadenitis, 
intranuclear inclusions, necrosis, 
squamous metaplasia) 

Sialodacryoademtis virus 

Laryngitis 

Cilia-associated respiratoiy bacillus 
Mycoplasma pulmonis 

Leukemia and Lymphomas 
Leukemia viruses, munne 


Liver 

Biliary hyperplasia 
Kilham rat virus 
Intranuclear inclusions 
Kilham rat virus 

Inflammation, pyogranulomatoiis 
Salmonella enteritidis 
Necrosis 

Bacillus piliformis 
Corynebacterium kutscheri 
Ectromelia virus 
Hepatitis virus, mouse 
Kilham rat virus 

Lymphocytic chonomeningitis virus 
Salmonella enteritidis 
Streptobacillus moniliformis 
Streptococcus pneumoniae 
Thrombi 

Salmonella enteritidis 

Lungs 

Abscesses 

Cilia-associated respiratory bacillus 
Corynebacterium kutscheri 
Mycoplasma pulmonis 
Atelectasis 

Cilia-associated respu-atory bacillus 
Mycoplasma pulmonis 
Sendai virus 

Bronchiectasis and bronchiolectasis 
Ciha-associated respiratory bacillus 
Mycoplasma pulmonis 
Bronchiolitis, necrotizing, and 
granulomatous 

Cilia-associated respiratory bacillus 
Bronchiolitis obliterans 

Cilia-associated respiratory bacillus 
Bronchitis 

Cilia-associated respiratory bacillus 
Mycoplasma pulmonis 
Sendai virus 

Streptococcus pneumoniae 
Penbronchial and penvascular 
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lymphocyte cuffing 
Mycoplasma pulmonis 
Pneumonia 

(see Pneumoma) 

Squamoid change (penbronchiolar 
adematoid hyperplasia or alveolar 
bronchiolization) 

Sendai virus 

L 3 miphadenopathy 

Generahzed 

Leukemia virus, munne 
Streptobacillus moniliformis 
Mesentenc 

Bacillus piliformis 
Peripheral 

Leukemia virus, munne 
Myobia musculi 
Myocoptes musculinus 

Lymph Nodes 
Abscesses 

Pasteurella pneumotropica 
Hyperplasia 

Bacillus piliformis 
Lymphocytic chonomeningitis vu^ 
Myobia musculi 
Myocoptes musculinus 
Salmonella enteritidis 
Necrosis 

Ectromelia virus 

Lymphocytopenia 

Lactic dehydrogenase-elevatmg virus 

Mammary Adenocarcinoma and 
Carcinosarcoma 

Mammary tumor virus, mouse 

Mastitis 

Pasteurella pneumotropica 
Mediastmitis 

Streptococcus pneumoniae 


Megaloileitis in Rats 
Bacillus piliformis 

Menmgitis, Suppurative 
Streptococcus pneumoniae 

Menmgoencephalitis 

Encephalitozoon cuniculi 
Lymphocyuc chonomeningitis virus 

Necrotizing Tracheitis, Bronchitis, 
and Bronchiolitis 
Sendai vmis 

Neoplasia 

Leukemias and lymphomas 
Leukemia vunses, munne 
Mammary glands 

Manunary tumor virus, mouse 
Salviary glands (also kidney, subcutis, 
mammary gland, adrenal, bone, 
cartiliage, blood vessels, and thyroid) 
Polyoma virus (expenmental) 

Orchitis, Suppurative 

Streptococcus pneumoniae 

Ovary, Penoophontis, Purulent 
Mycoplasma pulmonis 

Penbronchiolar Adenomatous 
Hyperplasia (synonym adenomatous 
change, alveolar bronchiolization) 

Sendai virus 

Pencarditis 

Streptococcus pneumoniae 

Penoophontis 

Mycoplasma pulmonis 

Pentomtis 

Corynebacterium kutcheri 
Salmonella enteritidis 
Streptococcus pneumoniae 
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Pleuntis 

Corynebacterium kutscheri 
Streptococcus pneumoniae 

Pleural Effusion, Serous 
Sendai virus 

Pneumonia 

Bronchopneumonia 

Cilia-associated respiratory bacillus 
Mycoplasma pulmonis 
Streptococcus pneumoniae 
Embolic 

Corynebacterium kutscheri 
Interstitial 

Hepatitis virus, mouse 
Pneumocystis carinii 
Pneumonia virus of mice, 
(experimental) 

Sendai virus 

Sialodacryoadenitis virus 
Lobar 

Streptococcus pneumoniae 
Necropurulent 

Corynebacterium kutscheri 
Unspecified type 

Streptococcus pyogenes 

Pododeimatitis, Traumatic 
Staphylococcus aureus 

Pohoencephalomyelitis 

Lactic dehydrogenase-elevatmg virus 
(C58 and AKR mice) 

Polyoma virus [athymic (nuinu) 
mice] 

Theiler’s virus 

Polyarthntis 

Mycoplasma arthritidis 

Pox 

Ectromelia virus 


Preputial Gland Abscesses 
Staphylococcus aureus 
Pasteurella pneumontropica 

Pseudotuberculosis 

Corynebacterium kutscheri 

Pyometra 

Mycoplasma pulmonis 
Rhimtis 

Cilia-associated respnatoiy bacillus 
Coiynebacterium kutscheri 
Mycoplasma pulmonis 
Sendai virus 

Sialodacryoademtis virus 
Streptococcus pneumoniae 

Salivary Glands 

Intranuclear inclusions 
Cytomegalovirus, mouse 
Necrosis 

Sialodacryoademtis vmis 
Neoplasms 
Polyomavirus 
Sialodemtis 

Sialodacryoademtis vims 
Salpmgius 

Mycoplasma pulmonis 

Scrotal Hemorrhage 
Kilham rat virus 

Septicemia 

Bacillus pihformis 
Corynebacterium kutscheri 
Salmonella enteritidis 
Streptobacillus moniliformis 
Streptococcus pneumoniae 
Skm 

Ectoparasites 
Myobia musculi 



82 COMPANION GUIDE TO INFECTIOUS DISEASES OF MICE AND RATS 


Myocoptes musculinus 
Radfordia affinis 
Papules 

Ectromelia virus 
Pox 

Ectromelia virus 

Spinal Cord Hemorrhage 
Kilham rat virus 

Spleen 

Infarction 

Streptococcus pneumoniae 
Necrosis, Diffuse 
Ectromelia virus 
Necrosis, Multifocal 
Ectromelia virus 
Salmonella enteritidis 
Sti eptobacillus moniliformis 
Thrombi 

Salmonella enteritidis 
Streptococcus pneumoniae 

Splenitis 

Acute bactenal 

Streptococcus pneumoniae 
Pyogranulomatous 
Salmonella enteritidis 

Splenomegaly 

Corynebactenum kutscheri 
Ectromelia virus 
Hepatitis virus, mouse 
Lymphocytic chonomenmgids virus 
Myobia musculi 
Myocoptes musculinus 
Salmonella enteritidis 
Streptobacillus moniliformis 
Streptococcus pneumoniae 

Syncnal Giant Cells 
Bram 

Hepatitis virus, mouse 


Bronchial epithelium 

Mycoplasma pulmonis (mouse) 
Sendai virus 
Intestinal epithelium 
Hepatitis virus, mouse 
Multiple organs 

Hepatitis virus, mouse [athymic 
(nuinu) mice] 

Nasal epithelium 

Mycoplasma pulmonis (mouse) 

Teratogenic Effects 
Kilham rat virus 

Testes 

Hemorrhage 
Kilham rat virus 
Infarction 

Kilham rat virus 
Streptococcus pneumoniae 

Thrombocy topem a 

Cytomegalovirus, mouse 

Thrombosis 

Central nervous system, 
epididymis, and testes 
Kilham rat virus 
Liver and spleen 

Salmonella enteritidis 
Spleen and testes 

Streptococcus pneumoniae 

Thymus 

Enlargement 

Leukemia vmises, murme 
Necrosis 

Ectromelia virus 

Lactic dehydrogenase-elevatmg virus 
Sialodacryoademtis virus 
Thymic virus, mouse 

Tracheitis 

Cilia-associated respiratory bacillus 
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Corynebacterium kutschen 
Mycoplasma pulmonis 
Sendai virus 

Sialodacryoadenitis virus 
Streptococcus pneumoniae 

Typhlocolitis 

Hepatitis virus, mouse [athymic 
(nuinu) mice] 

Ulcerative Cecitis m Rats 
Salmonella enteritidis 

Ulcerative Dermatitis 
Myobia musculi 


Myocoptes musculinus 
Staphylococcus aureus 

Uterus 

Endometntis 

Mycoplasma pulmoms 
Fetal resorption 
Kilham rat virus 
Sendai virus 

Streptobacillus piliformis 
Pyometra 

Mycoplasma pulmonis 
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RESEARCH COMPLICATIONS 


Utered Immune Response 
Cytomegalovirus, mouse 
Ectromelia virus 
Encephalitozoon cunicuh 
Giardia muris 
Hepatitis vims, mouse 
Kilham rat vims 

Lactic dehydrogenase-elevatmg vims 

Lymphocytic chonomeningius vims 

Minute virus of mice 

Mycoplasma pulmonis 

Myobia musculi 

Myocoptes muscuhnus 

Salmonella enteritidis 

Sendai vims 

Spironucleus muris 

Syphacia spp 

Thymic vmis, mouse 

Jtered Physiologic, Pharmacologic, 

)T Toxicologic Response 
Bacillus piliformis 
Hepatitis virus, mouse 
Kilham rat vims 

Lactic dehydrogenase-elevatmg vims 
Mycoplasma pulmonis 
Salmonella enteritidis 
Streptococcus pneumoniae 

Itered Susceptibility to Other 
ifecdons 

Cytomegalovims, mouse 
Encephalitozoon cunicuh 
Hepatitis vims, mouse 
Lactic dehydrogenase-elevatmg vims 
Lymphocytic chonomenmgitis virus 
Mycoplasma pulmonis 
Rotavirus, mouse 
Salmonella enteritidis 
Sendai vims 

Sialodacryoademtis vims 


Carcmogenesis or Spontaneous 
Neoplasia 

Citrobacter freundii (Biotype 4280) 
H-I vims 

Lactic dehydrogenase-elevatmg vims 
Lymphocytic chonomenmgitis vims 
Mammary tumor vims, mouse 
Mycoplasma pulmonis 
Polyoma vims 
Sendai vmis 

Contamination of Cell Cultures 
Kilham rat vims 

Lymphocytic chonomenmgitis vmis 
Mmute vims of mice 
Mycoplasma arthritidis 
Mycoplasma pulmonis 
Polyoma vims 
Reovims-3 

Contamination of Transplantable 
Tumors and Altered Host Response 
Encephalitozoon cunicuh 
H-I VUTIS 
Kilham rat vims 

Lactic dehydrogenase-elevatmg vims 
Lymphocytic chonomenmgitis vmis 
Mmute vu^s of nuce 
Mycoplasma arthritidis 
Mycoplasma pulmonis 
Polyoma vims 
Reovims-3 
Sendai vmis 

Inapparent Infection Exacerbated by 
Experimental Immunosuppression 
Bacillus piliformis 
Corynebactenum kutschen 
Ectromelia vims 
Giardia muns 
Hepatitis vims, mouse 
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Kilham rat virus 
Mycoplasma pulmonis 
Pneumocystis carinii 
Pseudomonas aeruginosa 
Salmonella enteritidis 
Spironucleus muris 


Zoonotic Agents (Infectious for 
Humans) 

Dermatophytes (fiingi) 


Hantaviruses 
Hymenolepis nana 
Lymphocytic chonomenmgitis vims 
Salmonella enteritidis 
Streptobacillus moniliformis 
Streptococcus pneumoniae 




Index 


A 

Abdomen 

abdominal breathing, 54 
enlargement, 28, 44,71 
lesions, 54 

Abortions and stillbirths, 53, 71 
Abscesses, 12, 14, 17, 25, 38,52, 53, 
71,73,76 

Adenoviruses, 9-10 
Age factors 

bacterial infections, 10, 13 
viral infections, 22, 30,44,48,76 
Agents (charactenzation), see Bact¬ 
erial infections agent character¬ 
ization, Viral agents. Zoonotic 
agents 

Airflow systems, 41 

Alopecia, see Dermatitis and alopecia 

Amputations, 71, 76 

Amyloidosis, 59, 76 

Anemia, 23, 53, 76 

Ankylosis, 53, 76 

Anorexia, 15,71 

Arthntis, 35, 37, 53, 54, 76 

Ascites, 30, 76 


Aspicularis tetraptera, 61 
Ataxia, 71 

Atelectasis, 12, 48,76 
Athymic (jnufnu) mice, immune re¬ 
sponse, 10,15,22,23,30-31,36, 
39,40,41,48,52,62,63,65,66,71 

B 

Bacillus piliformis, 10-12 
Bactenal infections 
age factors, 10,13 
agent characterization, 1,4,10,12, 
13, 38,42,45,51,53, 54 
arthntis, 35, 37, 53, 54,76 
bamer systems, 11,13,14,36,53,54 
bronchiectasis and bronchiolectasis, 
12, 36 

carcmogenesis/spontaneous 
neoplasia, 11,37 
cell/tissue cultures, 35, 37,46, 52 
cesarean control, 11, 12,13,14,15, 
36, 37,38,43,47, 53,54 
climcal signs, 10,12, 13,14-15,35, 
36, 38,41,42,45-46, 52,54 
colon and cecum, 10, 11, 14,46 
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control techniques, general, 13, 37, 
38, 47, 52, 53,54 
diagnosis, general, 11,13, 14, 15, 

35, 36-37,38,41-42,46,51 
digestive system, 42-43,45-46,52 
ectoparasites, secondary infection, 

59 

ELISA, 13, 15, 35,37,38 
epizootiology, 10, 13, 14, 36,38, 

42.45.52.53.54 
eyes. 11 

hyperplasia, 14,36 
immune response, 10,14, 36,42,43 
mtestmes, 10, 13,38,47 
liver, 10, 11, 15,46,47, 53 
lymph nodes, 11,14,46 
mortality, 10, 13, 37,42, 43, 53 
pathology, general, 10, 13-14, 15, 

36, 38,42.46, 52, 53, 54 
reluctance to move, 11, 14,45, 54 
research complications, general, 11, 

13, 14,15,35,36,43,47, 52, 

53.54 

respiratory, 12, 14, 15, 36-37, 38, 

53,54 

skin and joints, 38, 52, 53 
stam techniques, 11, 12,13 
subclimcal, 10,11, 14, 15, 35, 36, 

37, 38,42,53,54 
tumors/transplants, 35, 37 
weight loss, 13,14,36,4S46,53,54 
X irradiation, 42,43 

zoonotic, 42, 45.47, 51,53, 54 
see also specific agents 
Earner techmques 

bactenal infections, 11,13,14, 36, 

53,54 

fungi, 57, 58 
parasites, 59, 63, 64 
viral infections, 17, 22, 31, 33,40, 
44,51,55 

Behavioral trauma, 59 

chattermg (mice), 36,48,71 


circling and rolling, 42, 55,71 
head tilt, 11,36, 73 
hyperexcitability, 55, 73 
reluctance to move, 11, 14, 30,45, 
54, 74 

self-mutilation, 52,74 
Brain, 19, 22,42, 76. 77 
Breeding, 2, 23,49, 51 

see also Cesarean denvation 
Bronchiectasis and bronchiolectasis, 76 
bactenal infections, 12, 36 
viral infections, 48 

c 

Carcinogenesis/spontaneous 
neoplasia, 84 

bactenal infections, 11,37 
leukemia, 28-29, 79 
mammary glands, 28, 32-33 
Cell/tissue cultures, 4, 84 
bactena, 35, 37,46, 52 
viruses, 9, 51 
Cervical edema, 50, 71 
Cesarean denvation, 2 

bactenal infections, 11, 12, 13,14, 
15, 36, 37. 38,43,47, 53, 54 
fungi, 57 

parasites, 59, 63, 64,67 
viral infections, 9, 18, 22,25-26, 
34, 40,41,44,49,56 
Chattenng (mice), 36,48, 71 
Cilia-associated respiratory bacillus 
(CAR), 12-13, 36 
Circling and rolling, 42,55,71 
Citrobacterfreundii, 13-14 
Clmical signs, 71-75 

bactenal infections, 10,12,13,14- 
15,35,36,38,41,42,45^, 52,54 
fungi, 57-58 

parasites, 59, 62,64,65, 67 
viral infections, 17, 24-33,40,41, 
44.48, 50. 55 
Colon and cecum, 77 
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bactenal infections, 10, 11, 14,46 
parasites, 66, 67,68 
viral infections, 44,48 
Complement fixation (CF), 3 
bacterial infections, 11 
viral infections, 44, 55 
Conjunctivitis, 38,46, 50, 53,71-72 
Control techniques 
airflow systems, 41 
bactenal infections, 13, 37, 38,47, 
52, 53, 54 
fungi, 57-58 

gnotobiotic animal and methods, 
39,43 

parasites, 59, 63, 64, 66, 67, 68 
pathogen-free animals, 2,27 
protozoa, 19, 39,66, 67, 68 
vaccination, 17,49 
viral infections, 16,17-18,21,22, 
24, 25-26, 27,31,33,34,41, 
48,49,51,56 

see also Bamer techniques, 
Cesarean denvation. Specific 
pathogen-free animals 
Convulsions, 55, 72 
Comeal ulceration, 72 
Corynebacterium kutscheri, 14-15,53 
Cyanosis, 53,72 
Cytomegalovirus, 15-16 

D 

Dacryoadenitis, 38 
Deaths, high and low mortality, 72 
bactenal infections, 10, 13, 37,42, 
43,53 

parasites, 64 

viral infections, 17, 30, 55 
Dehydration, see Diarrhea 
Demyelination and remyelination, 77 
Dermatitis and alopecia, 52, 59,71, 
72, 76 

pododermatatis, 74, 81 
Dermatophytes, 57-58 


Diabetes, 31 
Diagnosis, 3,4,70-83 

bactenal infections, 11,13,14,15, 
35,36-37,38,41^2,46,51 
DNA probes, 13 
fiingi, 57-58 
laboratones for, 6-7 
parasites, 59,62,63,64, 65, 67,68 
protozoa, 19, 39,65-66, 67,68 
stain techmques, 11,12,13,39 
vual infections, 9,16,17,21,22, 
25,27,29,31,33,34,40,41, 
43-44,44-45,48-49, 51,56,57 
see also Cell/tissue cultures, 
Climcal signs. Pathology, 
Serologic tests 
Diarrhea, 44,46,53,72,73 
Digestive system infections 

bactenal agents, 42-43,45-46,52 
parasites, 62, 63,64,65, 66,67 
viral agents, 22 

see also Intestines, specific agents 
and organs 
DNA probes, 13 

DNA viruses (agent charactenzation), 
9,15,16,24,25.33,41 
see also specific agents 
Dyspnea, 14,54, 73 

E 

Ear pathologies, 77 

otms media, 36,38,42, 77 
Ectoparasites, 58-60 
Ectromelia virus, 16-18,53 
Empyema, 54,77 
Encephalitis, 19,77 
Encephalitozoon cuniculh 18-20 
Encephalomyehtis, 28,55-56,77, 81 
Endoparasites, 61-69 
Entamoeba muns, 61-62 
Enzyme-linked immunosorbent assay 
(ELISA). 3-4 

bactenal mfections, 13,15,35,37,38 
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Viral infections, 9* 16, 17, 21,22, 

24, 25,31,34,40,41,43,44, 
48-49,51,56,57 
Eosinophilic crystals in lung, 77 
Epizootiology 

bactenal infections, 10,13, 14, 36, 
38,42,45, 52,53, 54 
fungi, 57 

parasites, 59, 61, 62,64,65, 67, 68 
protozoa, 19, 39, 65, 67, 68 
viral infections, 9, 15-17, 20, 22, 
24, 25, 26, 28, 30, 32, 33,40, 
41,43,44,46, 50, 55, 57 
Escherichia coli, 9 
Eyes, 77 

bactenal infections, 11 
conjunctivitis, 38,46,50,53,71-72 
lacnmal glands, 50,51, 79 

F 

Fungi, 39-40,57-58,59 
Fur, see Hair 

G 

Germfree animal, see Pathogen-free 
ammal 

Giardia muris, 62-64 

Gnotobiotic animal and methods, 39,43 

Growth retardation, 64, 73 

H 

H-l virus, 24—25 
Hair, 52, 57, 58 
mites, 58-60 
ruffled, 17,36,45,74 
Hantaviruses, 20-21 
Head tilt, 11,36,73 
Heart, 10, 78 

Hemagglutination inhibition test 
(HAI),3,4,17,21,24,25,41,56 
Hemoglobmuna, 53, 73 
Hemorrhages, 20, 25,78 
Hepatic system, see Liver 


Hepatitis, 54,78 
Hepatitis virus, 21-24,63,66 
Herpesviruses, 56-57 
Hosts 

bactenal infection, 52 
viral infection, 20 
see also Transplants, tissues and 
organs. Zoonotic agents 
Hunched posture, see Reluctance to 
move 

Hymenolepis nana, 64-65 
Hyperexcitability, 55, 73 
Hyperplasia 

bactenal infections, 14, 36 
ectoparasites, 59 
viral infections, 30 
Hypersensitivity, cutaneous, 78 

I 

Immune response, 39, 84—85 
athymic (jiulnu) mice, 10, 15, 22, 
23, 30-31,36, 39,40,41,48, 
52, 62, 63, 65, 66,71 
bactenal infections, 10,14,36, 
42,43 

parasites, 62,63, 65 
viral mfections, 15, 17, 22, 23, 26, 
27, 30,31,33,40,41,49 
see also Serologic tests 
Inapparent infections, see Subclimcal 
infections 
Inclusions, 78 

Indirect immunofluorescent antibody 
test (IFA), 3 

bactenal infections, 11,12 
protozoa, 19, 39 

viral mfections, 9, 16, 21,22,25, 
31,34,44,51,57 
Infarcts, 78 
Intestmes, 78-79 

bactenal infections, 10, 13, 38,47 
parasites, 62, 63, 64, 65, 66 
viral mfections, 9, 22,44,55 
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J 

Jaundice, 73 

Joints, see Skin and joints 

K 

Keratitis, 79 
Keratoconus, 50,73 
Kidneys, 9, 15, 20,43, 44,79 
Kilham rat virus, 25-26 
Kyphosis, 53, 73 

L 

Lacnmal glands, 50, 51,79 
Lactic dehydrogenase-elevating virus, 
26-28 

Laryngitis, 36,79 
Leukemia, 28-29,79 
Life cycles, parasites, 58-59,61, 62, 
64,65, 66, 67 
Litter size reduced, 74 
Liver, 79 

bacterial infections, 10,11,15, 46, 
47, 53 

hepatitis, 21-24,54 
jaundice, 73 
parasites, 64 

viral infections, 9, 17,21-24, 25, 
30, 54, 63, 66 

Lung pathology, 39,77,79-80 
bactenal infections, 12, 15 
eosmophilic crystals, 77 
parasites, 64 

pneumonia, 5, 38-41,48, 54-55, 

81 

viral infection, 20, 21,48,51 
Lymph nodes, 80 

bactenal mfections, 11,14,46 
parasites, 59, 64 

viral infections, 17,50-51,55, 57 
Lymphadenopathy, 53, 74, 80 
L)anphocytic chonomeningitis virus, 
30-32 

Lymphocytopenia, 80 


M 

Mammary tumors, 28, 32-33, 80 
Mastitis, 38,74, 80 
Microscopic procedures, 4,59 
Microsporum spp., 57-58 
Minute virus of mice, 33-34 
Mites, 58-60 

Monitoring and monitored animals, 2,3-6 
Mouse hepatius virus, 21-24,63, 66 
Mouse mammary tumor virus, 32-33 
Mouse inmute virus, 33-34 
Mouse rotavirus, 44-45 
Mouse thymic virus, 56-57 
Munne respiratory mycoplasmosis 
(MRM), 36-38 
Mycoplasma arthritidis, 35 
Mycoplasma musculinus, 60 
Mycoplasma pulmonis, 36-38 
Myobia musculus, 60 
Myocoptes musculinus, 59 

N 

Neoplasia, 27-28,80 
leukemia, 28-29,79 
mammary glands, 28,32-33 
see also Carcinogenesis/spontane¬ 
ous neoplasia 

o 

OtiUs media, 36, 38,42,77 

P 

Pallor, see Anemia 
Panophthalmitis, 38,74 
Paralysis, 42,53,74 
Parasitic infections, 19, 55 
bamer techniques, 59,63,64 
cesarean denvation, 59,63, 64, 67 
clmical signs, general, 59,62, 64, 
65, 67 

colon and cecum, 66,67, 68 
control techmques, 59, 63, 64, 66, 
67, 68 
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diagnosis, 59, 62, 63, 64, 65, 67, 68 
digestive system, 62,63, 64, 65, 66, 

67 

ectoparasites, 58-60 
endoparasites, 61-69 
epizootiology, 59,61, 62, 64, 65, 
67, 68 

immune response, 62, 63, 65 
mtestmal, 62, 63,64,65, 66 
lymph nodes, 59, 64 
pathology, general, 59, 60, 62-63, 
64, 65,67, 68 

research complications, 59, 60, 63, 
64, 66, 67, 68 
respiratory system, 36, 64 
skin and joints, 59-60 
subclinical infections, 62, 64, 67 
weight loss, 62,64 
X irradiation, 65,66 
zoonotic, 62, 64 
see also Life cycles, parasites. 
Protozoa 

Pasteurella pneumotropica, 38-39 
Pathogen-free ammals, 2,27 
gnotobiotic animal and methods, 
39,43 

see also Specific pathogen-free 
animals 

Pathology, 76-83 

bactenal infections, 10,13-14, 15, 
36, 38,42, 46, 52,53, 54 
fungi, 57-58 

parasites, 59, 60, 62-63, 64, 65, 67, 

68 

protozoa, 19, 39, 65,67, 68 
viral infections, 9, 16, 17, 21, 22, 
24, 25, 27, 29, 30-31, 32-33, 
40,41,44, 48, 50-51,55 
see also Clinical signs, specific 
organs and systems 
PentoniUs, 46, 80-81 
Photophobia, 50, 53,74 
Pm worm, 61,66-67 


Pleuntis, 54, 81 
Pneumocystis carinii, 39-40 
Pneumonia, 5, 38-41,48, 54-55, 81 
Pneumonia virus of mice, 5,40-41 
Pododermatitis, 74, 81 
Polioencephalomyelitis, see Encepha¬ 
lomyelitis 

Polyoma virus, 41-42 
Polypnea, 36, 74 
Poxviruses, 81 

Preputial gland abscesses, 52, 81 
Pnapism, 53, 74 

Protozoa, 18-20, 39-40, 65,67-68 
Pruntis, 59, 74 

Pseudomonas aeruginosa ^ 42-43 
Pseudotuberculosis, 81 

R 

Radfordia affinis, 60 
Radioimmunoassays, 44 
Rectal prolapse, 13,74 
Reluctance to move, 74 

bactenal infections, 11, 14,45,54 
vireil infections, 30 
Reovirus-3, 43-44 
Research complications, 70, 84-85 
bactenal infections, 11,13, 14, 15, 
35, 36, 43.47, 52, 53, 54 
parasites, 59, 60, 63, 64, 66,67, 68 
protozoa, 19,39,66,67,68 
viral infections, 9, 18, 23,24,26, 
27-28, 29,31,33, 34,41^2, 
44,49,51,56. 57 
see also Zoonotic agents 
Respiratory rales, 14, 36, 74 
Respiratory system, 39-^0 

bacterial infections, 12, 14, 15,36- 
37, 38, 53. 54 

bronchiectasis and bronchio- 
lectasis, 12, 36,48, 76 
dyspnea, 14,54, 73 
parasites, 36,64 
sneezing, 50,74 
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snuffling, 36, 54, 74 
tracheitis, 83 

viral infections, 21,22,47-48,51,55 
see also Lungs 
Rhinitis, 36,54, 81 
RNA viruses (agent charactenzation), 
20,21,26, 28, 30, 32,40,43, 
44, 47, 50, 55 
see also specific agents 
Rolling, see Circling and rolling 
Rotavirus, 44-45 
Runting, see Wasting syndrome 

s 

Salivary glands and saliva, 81 
viral infections, 15, 16, 28,41, 50, 
51,56, 57 

Salmonella enteritidis, 5,45-47, 53 
Salpingitis, 81 
Sampling, 4-6 
Scrotal cyanosis, 74 
Scrotal hemorrhage, 81 
Self-mutilation, 52,74 
Sendai virus, 5, 36,47-50 
Sentinel animals, 6, 23 
Septicemia, 15,42,43, 53, 54, 81 
Serologic tests, 3-4. 19,46, 56,59 
hemagglutination inhibition test 
(HAI), 3,4, 17,21,24,25, 

41.56 

indirect immunofluorescent anti¬ 
body test (IFA), 3,9,11,12,16, 
21, 19, 39, 22,25,31,34,44, 

51.57 

see also Enzyme-Imked immuno¬ 
sorbent assay 

Sialodacryoademtis virus, 36,50-51 
Silver stain, see Stam techniques 
Skin and jomts, 75, 82 
arthritis, 35, 37,53, 54,76 
bactenal agents, 38, 52, 53 
fungi, 57-58 
hypersensitivity, 78 


parasites, 59-60 
viral agents, 15, 16-18 
see also Dermatitis and alopecia 
Sneezing, 50, 74 
Snuffling, 36, 54, 74 
Social behavior, see Behavioral 
trauma 

Specific pathogen-free animals, 2,47 
viruses, 21,25,27,33,34,49,51,56 
Spinal cord, 82 
Spironucleus muns, 65-66 
Spleen, 17,46, 53, 54, 57,59,66, 82 
Stain techniques, 39 

bactenal infections, 11, 12, 13 
Standards, 2, 3 

Staphylococcus aureus, 51-53, 59 
Streptohacillus moniliformis, 53-54 
Streptococcus pneumoniae, 54-55 
Subclimcal infections, 4, 5, 39 

bactenal, 10, 11, 14,15, 35, 36, 37, 
38,42, 53, 54 
fungi, 57 

parasites, 62, 64, 67 
viral, 16, 20, 23. 24. 30, 34,40,43, 
55,56 

Symptoms, see Chmcal signs, specific 
symptoms 

Syphacia obvelataimuris, 66-67 
Synctal giant cells, 82 

T 

Teratogenic effects, 82 
Testes, 54, 82 
Theiler’s virus, 55-56 
Thrombosis, 82 
Thymic virus, 56-57 
Thymus, 50-51, 56-57, 82-83 
athymic (nu/nu) mice, immune 
response, 10,15, 22,23, 30-31, 
36, 39,40,41,48,52,62. 63, 

65, 66, 71 
lymphomas, 28,29 
Thyroid gland, 54 
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Tissue cultures, see Cell/tissue 
cultures 
Tracheitis, 83 

Transplants, tissues and organs, 84 
bacteria, 35, 37 
protozoa, 19 

viral infections, 17, 18, 21, 27, 31, 
34,41,44 
Tremors, 55 

Trichomonas muris, 61-6S 
Trichophyton spp , 57 
Tumors, 84 
bactena, 35, 37 
protozoa, 19 

viral mfections, 17,18, 20, 21, 27, 
31,32, 34,41,42,43 
see also Neoplasia 
Tyzzer’s disease, 10,11,46 

u 

Uterine pathologies, 38,48, 83 

V 

Vaccmation, 17,49 
Viral agents, 2,9-10, 15, 56 
age factors, 22, 30,44,48, 76 
bamer techniques, 17, 22, 31, 33, 
40,44,51,55 

bronchiectasis and bronchio- 
lectasis, 48 

cesarean denvation, 9,18,22,25- 
26, 34,40,41,44,49,56 
clinical signs, general, 17,24-33, 
40,41,44,48, 50, 55 
colon and cecum, 44, 48 
complement fixation, 44, 55 
control techmques, general, 16,17- 
18,21,22,24,25-26,27,31, 

33, 34,41,48,49,51,56 
culture techmques, 9, 51 
diagnosis, 9,16,17, 21, 22, 25,27, 
29,31,33, 34,40,41,43-^, 
44-45,48-^9,51,56, 57 


digestive system, 9, 22,44, 55 
ELISA, 9, 16,17,21,22, 24, 25, 
31,34,40,41,43,44,48-49, 
51,56, 57 

epizootiology, 9, 15-17,20,22, 

24, 25, 26, 28, 30, 32, 33,40, 
41,43,44,46, 50, 55,57 
HAItest, 17,21,24,25,41,56 
IFAtest, 9, 16,21,22, 25,31,34, 
44,51,57 

immune response, 15, 17, 22, 23, 

26, 27, 30,31,33,40,41,49 
hver, 9,17, 21-24,25, 30, 54, 63, 
66 

lung, 20,21,48, 51 
lymph nodes, 17, 50-51, 55, 57 
mortality, 17, 30, 55 
pathology, general, 9, 16, 17,21, 
22,24, 25,27, 29, 30-31,32- 
33, 40,41,44, 48,50-51,55 
research complications, 9, 18, 23, 

24, 26, 27-28, 29,31,33,34, 
41-42,44,49,51,56, 57 

respiratory system, 21, 22,47-48, 
51,55 

salivary glands, 15, 16, 28,41, 50, 
51,56, 57 

skin andjomts, 15, 16-18 
specific pathogen-free animals, 21, 

25, 27, 33, 34,49,51,56 
subclimcal infections, 16, 20,23, 

24, 30, 34,40,43,55, 56 
transplants, 17,18, 21, 27, 31, 34, 
41,44 

tumors, 17, 18, 20,21,27,31.32, 
34,41,42,43 
utenne, 48 
X irradiation, 17 
zoonotic, 20, 21, 30, 31 
see also DNA viruses (agent 
charactenzation), RNA viruses 
(agent charactenzation), specific 
agents 



w 

Wasting syndrome, 30,40,42,48, 53, 
63,73,75 
anorexia, 15,71 
see also Weight loss 
Weight loss, 39,71,73,75 

bacterial infections, 13,14,36,45- 
46,53, 54 
parasites, 62, 64 

X 

X-irradiation 

bactenal mfections, 42,43 
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parasites, 65, 66 
viral infections, 17 

z 

Zoonotic agents, 85 

bacteria, 42,45,47,51,53,54 
parasites, 62, 64 
protozoa, 18 
viruses, 20,21,30,31 



